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Abstract 
 
A high sodium1 intake has a detrimental effect on blood pressure (BP) whereas a 
higher potassium intake has a protective effect. Children from developed 
countries consume high quantities of sodium due to elevated levels of salt in the 
food supply. As high blood pressure tracks across the lifespan, consuming 
excessive dietary sodium coupled with low potassium intakes places children at 
risk of high blood pressure and cardiovascular disease (CVD) later in life. It is 
well known that children’s eating habits are established early in life and that a 
taste preference for salt developed during childhood can lead to a lifetime avidity 
for salt (Stein et al. 2012). Therefore it is important lower salt eating patterns 
begin early in life. 
There is limited information on sodium and potassium consumption in Australian 
children and the contributions to sodium and potassium intakes from specific 
foods has not been well described. There is an increasing number of high sodium 
processed foods, commercially available but it is unclear how these foods 
contribute to children’s sodium intakes. There are recent concerns regarding the 
increased availability of highly processed foods within the western food supply 
and the associations with consumption of these foods to obesity (Canella et al. 
2014; Louzada et al. 2015) and chronic disease have been reported (Malik et al. 
2010; Rauber et al. 2015). Many of these highly processed foods tend to be high 
in sodium. However, currently the availability of these foods within the 
Australian food supply has not been described as there is no system to categorise 
 
 
 
 
1 The terms sodium and salt are often used interchangeably. Based on weight salt comprises 40% 
sodium and 60% chloride. The conversion of sodium (mg) to salt (g) is as follows: the amount of 
sodium (mg) multiplied by 2.5 = milligrams salt divided by 1000. Throughout this document the 
sodium amounts are shown in mg with salt equivalent amounts shown in brackets “()”. 
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foods by levels of processing, nor is there information regarding the contribution 
of these foods to sodium intake. 
Approximately half of Australian preschool children attend Long Day Care (LDC) 
for up to 8 hours/day and at these settings snacks and lunch is often provided. 
Hence food provided at LDC centres make a significant contribution to the diets 
of preschool children. However there is little information on the types of foods 
provided at these settings and how much sodium children are consuming whilst 
attending LDC. 
The overall aims of this thesis were to describe preschool children’s dietary 
sodium and potassium intakes and the key food sources of these two electrolytes. 
This information could be used to inform interventions early in life when 
children’s food preferences are developing in order to reduce the risk of high 
blood pressure in adulthood. 
The thesis presents five studies describing the: 
 
• Assessment of the level of food processing within the Australian food 
supply by developing a processed food classification system. 
• Assessment of the intake of sodium and sources of dietary sodium in 3.5 
year olds and the contributions to sodium intakes from processed, core 
and discretionary foods. 
• Assessment of the intake and sources of dietary potassium and the molar 
sodium:potassium (Na: K) ratio in 3.5 year olds. 
• Assessment of the provision of processed foods and the contribution of 
sodium within LDC centres. 
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• Assessment of amount of sodium served and consumed by 3–4 year olds 
at LDC 
To enable the assessment of the impact of food processing on sodium intakes of 
Australian preschool children, an existing processed food classification system 
was applied to a nutrient database within the Australian setting and the level of 
food processing in the Australian food supply was determined in Study One 
(O’Halloran et al. 2017a). A four-level processed food categorisation system 
(minimally processed (MP), processed culinary ingredient (PCI), processed (P) 
and ultra-processed (ULP)) was applied to all foods and beverages within the 
2007 and 2011 Australian Food and Nutrient database (AUSNUT). In the 2007 
AUSNUT database, MP foods accounted for 27% of all foodstuffs compared to 
38% in 2011 AUSNUT database. Across both databases, approximately one 
quarter were P foods and less than 4% were PCI. Importantly more than a third of 
foods and beverages were categorised as ULP in both the 2007 and 2011 
AUSNUT databases. These results highlight the ubiquity of ULP items within the 
Australian food supply. 
Study Two, a cross-sectional secondary analysis, utilising three days of 24-hour 
dietary data collected from 251 parent-child dyads (children were aged 3.5 years) 
who participated in a randomised controlled trial involving first-time parents, 
assessed the amount of sodium children consumed and the food sources of 
sodium (O’Halloran et al. 2016a). The average daily sodium intake was 1503 
(495 SD) mg/d and 87% of children exceeded the recommended Upper Level of 
intake (UL) for sodium. The foods that provided most of the sodium were cereal 
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and cereal products (25%) including bread and bread rolls (17%); milk products 
(19%) including cheese (9%) and meat products (18%) including processed meat 
(8%). Core foods2 contributed 65% of total daily sodium which was 
approximately twice as much sodium as that from discretionary foods. A novel 
finding of the study was that ultra-processed foods contributed almost half of 
preschool children’s daily sodium (48%) compared to minimally processed foods 
which contributed less than one fifth (16%). These results confirmed previous 
findings that children’s sodium intakes are high and emphasised the need for 
reformulation of core foods in order to reduce preschool children’s exposure to 
high sodium foods. 
Utilising the same dataset as Study Two, the aim of Study Three sought to 
determine the amount of potassium children consumed over three days and the 
food sources of potassium in 3.5-year-old children (O’Halloran et al. 2016b). The 
study also assessed, for the first time, the molar Na:K ratio of foods consumed 
and the Na:K ratio of key food groups. The average daily potassium intake was 
1983 mg/d (SD 499), (median 1941 mg/d) which was close to the recommended 
Adequate Intake (AI) for 1–3 year olds. More than half of children (54%) did not 
meet this AI recommendation. The molar Na:K ratio was 1.3 which exceeded the 
World Health Organisation recommendation of 1. Major sources of potassium 
were milk products (27%) including dairy milk (19%); fruit products (19%) 
including tropical fruit (7%) and vegetable products (14%) including potatoes 
(6%). Foods with the highest Na:K ratios were ham (Na:K ratio = 8); white bread 
and rolls (Na:K ratio = 6); gravies and savoury sauces (Na:K ratio = 4) whereas 
 
2 The Australian Guide to Healthy Eating (AGHE) provides guidance on choosing a healthy diet and 
describes five core food groups (referred to throughout this document as ‘core foods’), which 
includes i) grain (cereal) foods; ii) vegetables and legumes/beans; iii) fruit; iv) milk, yoghurt, cheese 
and/or alternatives; and v) lean meats and poultry, fish, eggs, tofu, nuts and seeds and 
legumes/beans. The AGHE advises that a varied diet, which includes foods from these five food 
groups, should be consumed in order to meet nutrient requirements (National Health and Medical 
Research Council 2013). 
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all fresh fruit, vegetables and dairy foods had Na:K ratios of less than 1. In 
summary, these findings have demonstrated a way for children to achieve 
a molar Na:K ratio of 1: by together reducing key dietary sources of 
sodium and increasing potassium food sources. 
Study Four utilised a week of lunch and morning and afternoon snack recipes 
from seven LDC centres (n = 135) and the 2011 AUSNUT processed food 
categorisation system from Study One (O’Halloran et al. 2017b). The study 
assessed the level of food processing of all foods and beverages and meals 
provided at LDC centres and assessed the contribution of sodium from each of the 
four levels of processing. More than half of all foodstuffs were classified as MP 
and ULP foods accounted for one fifth. All lunches (n = 35) were and 88% of 
morning snacks were categorised as MP, whereas 41% of afternoon snacks were 
categorised as ULP. The average amount of sodium provided to children was 633 
(151) mg/d and most of the sodium came from ultra-processed foods (40%), 
followed by P (35%), MP (23%) and PCI (2%). A reduction in the use of ULP 
foods during afternoon snacks is required to reduce preschool children’s exposure 
to high sodium content foods. 
Study Five was an observational study of 95 preschool children aged 3-4 years 
attending seven LDC centres in Victoria, which assessed the average amount of 
sodium provided and consumed during lunch and morning and afternoon snacks 
(O’Halloran et al. 2017 under review). To determine the sodium content of 
lunches and snacks standardised recipes were collected from each centre. 
Individual children’s sodium intake was estimated by an observation and assessed 
consumption of lunches by assessing the amount of food served and left on the 
plates of individual children. A validated visual plate waste scale method was 
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used to assess and weights of lunches served and eaten by individual children on 
one day at lunch. The average total amount of sodium provided from two snacks 
and lunch was 590 (146) mg of sodium, which represented ~59% of the UL of 
1000 mg/d sodium for 1–3 year olds. The average total amount of sodium 
consumed from two snacks and lunch was 541 (98) mg representing ~54% of the 
UL.  Across all centres the average sodium and energy consumed from lunch: 186 
(108) mg (~19% of UL) and 948 (437) kJ (38% of energy allowance). Of the 
three meals served, afternoon snacks provided the greatest average amount of 
sodium (291 (97) mg), followed by lunch (236 (139) mg) and morning snacks (63 
(45) mg). As this sample of Australian LDC centres provided a wide range of low 
sodium foods and adopted low salt cooking methods, children’s sodium intakes 
from lunches remained relatively low which resulted in an overall sodium intake 
~40% below the UL. 
 
In summary this thesis expands the existing knowledge base regarding children’s 
consumption of sodium and potassium along with information on the types of 
foods which contributed to these intakes. It is clear that preschool children’s Na:K 
ratio is higher than recommended, driven by high amounts of sodium intakes 
found in processed foods and low dietary potassium intakes as a result of low 
vegetable consumption. To reduce preschool children’s sodium intake a wide- 
ranging salt reduction strategy and an increase in children’s vegetable intake is 
required which is likely to result in lower population BP and reduce the risk of 
high BP and cardiovascular disease. 
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Chapter One: Literature Review 
1.1 Cardiovascular disease and high blood pressure 
Cardiovascular disease (CVD) is considered one of the most important public 
health issues and it is one of the leading causes of deaths worldwide (Lozano et 
al. 2012). According to the World Health Organization (WHO), globally CVD 
contributed to 17.5 million of all global deaths in 2012 and this figure has been 
projected to increase to 22.2 million by 2030 (World Health Organization 2014). 
A major risk factor for CVD is elevated blood pressure (BP). In 2014, the global 
prevalence of high BP amongst adults was approximately 22% and in 2010 it was 
estimated to have caused 9.4 million deaths worldwide (World Health 
Organization 2014). In adults aged 18 years and over, high BP is defined as a 
systolic blood pressure (SBP) ≥140 mm Hg and/or a diastolic blood pressure 
(DBP) ≥90 mm Hg (World Health Organization 2014). Both SBP and DBP are 
associated with CVD risk which doubles for every 20-point increase in SBP or 
every 10-point increase in DBP (World Health Organization 2014). Moreover, a 
SBP of >115 mm Hg has been estimated to account for 62% of strokes, 49% of all 
coronary heart disease and almost 13% of deaths globally (World Health 
Organization, 2014). 
In Australia CVD is a major cause of death with 29% of Australian deaths 
attributed to CVD. High blood pressure is a significant contributor to the burden 
of CVD accounting for 42% of the total burden of CVD (Begg et al. 2007). 
According to the recent 2011–13 Australian Health Survey (AHS), approximately 
21.5% of adults aged ≥ 18 years had high BP and the proportion of adults with the 
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condition increased with age, where 52% adults aged 75 years and over had high 
BP (Australian Bureau of Statistics 2014). 
Diet is an important predictor of elevated BP and CVD risk. In adults, excess 
dietary sodium has a detrimental effect on cardiovascular health (Meneton et al. 
2005) and BP (Stamler 1997) whereas consuming a higher amount of dietary 
potassium has been shown to be protective (Aaron and Sanders 2013). The 
interaction of both dietary sodium and potassium is significant in the pathogenesis 
of high BP (Adrogue and Madias, 2007) and longitudinal studies assessing dietary 
intake, have shown that the molar sodium to potassium (Na:K) ratio is associated 
with blood pressure (Huggins et al. 2011; Zhang et al. 2013) and a predictor of 
CVD risk (Cook et al. 2009). 
Lowering population sodium intakes and increasing potassium intakes has been 
predicted to shift the population distribution curve of BP downwards (Cook et al. 
1995) which could have a significant public health impact through the reduction 
of mortality, morbidity and improvement in quality of life (Chobanian et al. 
2003). Furthermore, population sodium reduction policies are considered to be 
highly cost effective (Webb et al. 2017).  For example it is estimated that 
lowering adult salt intake by 3 g/d in the United Kingdom (UK) may reduce 
population SBP by approximately 2.5 mm Hg which could prevent 4450 
deaths/year from CVD and generate annual savings of £40 (~AUD $64 million) 
million /year (Barton et al. 2011; He et al. 2014). In the United States of America 
(US), it is estimated that a population decrease of 2 mm Hg in DBP could reduce 
the prevalence of hypertension by 17% and this reduction in population sodium 
intake could result in a saving of $10-$24 billion annually (Bibbins-Domingo et 
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al. 2010). Moreover, an Australian analysis suggests that dietary advice targeting 
the population with elevated BP would save only $100,000/disability-adjusted life 
years. The authors recommend that a greater cost-effective strategy is mandatory 
and voluntary reductions in the salt content of processed foods (Cobiac et al. 
2010). 
1.2 Influence of dietary sodium on BP in adults 
In adults, evidence from observational (INTERSALT Cooperative Group 1988; 
Khaw et al. 2004; Okuda et al. 2014) and genetic studies (Defago et al. 2013; 
Yang et al. 2014) have shown a positive association between dietary sodium and 
BP. In addition, hypertension treatment trials (He and MacGregor 2002), animal 
studies (Denton et al. 1995; Elliott et al. 2007) and >50 randomised trials (Aburto 
et al. 2013b) have shown a causal positive association between dietary sodium 
intake and BP. Evidence also has shown the effects of reduced sodium intake on 
BP, which tend to be greater in middle aged or older individuals and people with 
hypertension, chronic kidney disease or diabetes (He et al. 2001; Obarzanek et al. 
2003). Some of the most persuasive evidence related to the relationship between 
sodium intake and BP in adults comes from two reviews and meta-analyses 
(Aburto et al. 2013b; He et al. 2013). For example a systematic review and meta- 
analysis by He and colleagues focused on salt reduction over one month or longer 
and the effect on BP (He et al. 2013). Meta-analysis of the included 34 trials (n = 
3230) showed that the mean change in sodium intake (reduced vs usual) was 1725 
mg sodium (4.4 g salt equivalent) which resulted in a mean change in SBP -4.18 
mm Hg and -2.06 mm Hg for SBP. Subgrouping included 990 hypertensive 
participants from 22 trials with a median study duration of five weeks and 2240 
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individuals with normal blood pressure from 12 trials with median duration of 
four weeks. Meta-analysis by subgroup showed in hypertensives that the mean 
effect of the reduced sodium intake was -5.39 mm Hg for SBP and -2.82 mm Hg 
for DBP. The authors concluded that a reduction in salt intake caused a 
significant reduction in BP in both people with and without hypertension and that 
at a population level, reducing salt intake to the recommended level of 5-6 g/day 
would have a BP lowering effect but a further reduction to 3 g/d salt would lead 
to a greater effect on BP. Therefore 3 g/d salt should be a long term target for 
population salt intake (He et al. 2013). 
These findings were consistent with a meta-analysis and systematic review by 
Aburto et al who demonstrated the effect of a reduced sodium intake on BP in 36 
RCTs (Aburto et al. 2013b). The authors reported that a reduction in sodium 
intake significantly reduced resting SBP by 3.39 mm Hg and resting DBP by 
1.54 mm Hg with a reduction of 4.06 mm Hg SBP in hypertensives and 1.38 mm 
Hg in normotensives (Aburto et al. 2013b). 
1.3 Tracking of BP in children 
While a large proportion of adults will develop high BP in middle age, elevated 
BP observed in adults has its origins in childhood as children who track with BP 
have a greater risk of hypertension and its related morbidities as adults (Chen and 
Wang 2008; Toschke et al. 2010). Importantly, two meta-analyses have shown 
that BP follows a tracking pattern from childhood into adulthood (Chen and Wang 
2008; Toschke et al. 2010). The meta-analysis by Chen et al. included 50 
international cohort studies which varied in the length of follow up from 6 months 
up to 47 years, included children aged 5–15 years at baseline and in about half of 
the studies BP measurements were recorded ≥ 3 times (Chen and Wang 2008). 
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The average of reported tracking correlation coefficients was 0.38 for SBP and 
0.28 for DBP indicating that tracking of BP from childhood to adulthood is 
moderate (Chen and Wang 2008). Chen and colleagues also reported that tracking 
of BP varied by baseline age, where children who were older at baseline had 
stronger tracking of BP into adulthood than children who were younger at 
baseline. BP tracking also varied by the length of follow up; the 5-year follow-up 
tracking coefficients were 0.42 for SBP and 0.32 for DBP compared to the 10- 
year follow-up where the matching figures were 0.38 and 0.29 respectively (Chen 
and Wang 2008). 
Findings by Toschke and colleagues have revealed that tracking of BP in children 
was low-to-moderate (Toschke et al. 2010). Included in their meta-analysis were 
29 global cohort studies carried out in 27,820 participants with a median follow 
up of 8 years. The overall adjusted SBP correlation coefficient was 0.44 over one 
year (between the ages of 11-to-12 years) and decreased to 0.37 between the ages 
of 10-to-20 years. BP tracking increased slightly with increasing mean age at 
baseline and one year follow up explained about 19% of individual mean BP 
changes in young children (Toschke et al. 2010). 
In summary, evidence suggests that BP tracks across the lifespan from childhood 
into adulthood. Given approximately one-fifth of Australian adults have high BP, 
identifying opportunities to change the BP tracking trajectory will be important 
for reducing the mortality and morbidity associated with CVD. 
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1.4 Sodium intake and BP in children 
In addition to the robust evidence for the causal relationship between sodium 
intake and BP in adults, there is mounting evidence indicating that sodium plays a 
key role in regulating BP in children (Cooper et al. 1980; Geleijnse et al. 1997; 
Hofman et al. 1983) and adolescents (Aburto et al. 2013b; He and MacGregor 
2006). Importantly, evidence suggests that the role of sodium in regulating BP 
begins early in life. For example Hofman and colleagues investigated the effects 
of dietary sodium on BP during the first 6 months in a double blind randomised 
trial in 476 healthy newborn Dutch infants of life (Hofman et al. 1983). 
Newborns were randomly assigned to either a normal-sodium group with a 
formula milk concentration of 442 mg of sodium (1.1 g salt) and baby food 
sodium concentrations ranging from 520-to-1750 mg (1.3–to–4.3 g salt) or a low 
sodium group with formula milk sodium concentration similar to breast milk (145 
mg) and baby food sodium concentrations of 51 to 320 mg (0.12 to 0.8 g salt). At 
25 weeks the SBP in the low sodium group was 2.1 mm Hg lower than in the 
normal-sodium groups which indicated that sodium intake was associated with 
SBP early in life (Hofman et al. 1983). 
To investigate whether sodium intakes in infancy were associated with BP in 
adolescents Geleijnse and colleagues measured BP and sodium intake (via one 
overnight urine collection) in 167 children from the original study by Hofman et 
al. (Hofman et al. 1983) after 15 years of follow up (Geleijnse et al. 1997). The 
adjusted SBP at follow up was 3.6 mm Hg lower and DBP was 2.2 mm Hg lower 
in children who had been assigned to the low sodium group (n = 71) compared 
with the normal-sodium (n = 96) (the normal-sodium was 3 times higher in 
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sodium than the low-sodium group), which indicates that higher sodium 
consumption in infancy may have a long lasting effect of raising blood pressure 
throughout life (Hofman et al. 1983). 
In older children, studies have shown that sodium consumption plays a key role in 
regulating BP. For example one observational study, where multiple 
measurements of 24-hr urinary sodium were assessed and confounding factors 
controlled for, Cooper et al. demonstrated a significant linear relationship 
between urinary sodium and BP in 73 American children aged 11–14 years. 
Importantly, after controlling for sex, age, race, pulse rate, height and weight this 
relationship remained significant (Cooper et al. 1980). However, the same authors 
attempted to reproduce these findings using the identical methodology in two 
subsequent studies and were unable to show an unequivocal relationship between 
7-day mean urinary sodium excretion and BP (Cooper et al. 1983). In explaining
the non-reproducible findings, the authors concluded that a greater sample size 
was required, that urinary creatinine (as a measure of an individual’s completion 
of urine) can vary within individuals and urine collections were incomplete and 
therefore underestimated sodium excretion values (Cooper et al. 1983). 
More recently, a systematic review which included a meta-analysis focusing on 
the effect of reducing salt intake on BP children and adolescents, in ten controlled 
salt reduction trials (n = 966; ages ranging from 8-to-16 years) found that a 42% 
reduction in sodium intake lead to a significant reduction in SBP of -1.17 mm Hg 
(p = <0.001) and DBP (-1.29) (He and MacGregor 2006). 
In another systematic review and meta-analysis of children, Aburto and 
colleagues found that lower salt intakes significantly reduced BP (Aburto et 
al. 
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2013b). Included in the study were nine controlled trials in children (n = 1299) 
aged between 2.6 and 19.8 years. The authors showed that reducing sodium intake 
(by an average of 1053 mg/d (2.6 g salt)) significantly decreased SBP by 0.84 mm 
Hg and DBP by 0.87 mm Hg (Aburto et al. 2013b). The authors concluded that 
even though the lowering effect on BP in children was small, such an effect 
sustained throughout childhood and adolescence could lead to considerable 
reduction in BP in adults (Aburto et al. 2013b). 
In summary, the evidence to date supports the premise that, similar to adults, a 
decrease in sodium intake in children moderately reduces BP. As BP follows a 
tracking pattern over the life course a decrease in sodium intake is likely to lower 
the gradient of the trajectory of BP increase as we age. 
1.5 Assessing dietary sodium intake 
Assessment of sodium intake is fundamental to the opportunity to describe 
associations with BP. Dietary sodium intake can be assessed via dietary or urinary 
methods (Appendix A). The ‘gold standard’ method, is the 24-hr urine collection 
which is recommended by the World Health Organization (World Health 
Organization 2010). This method is considered the ‘gold standard’ method as it is 
an objective and reliable indicator of sodium intake as approximately 90–95% of 
ingested sodium is excreted in urine (~10% is lost via sweat and faeces although 
in hot climates or amongst highly active individuals losses can be greater) (Bates 
and Bingham 1997) and due to the high recovery of dietary sodium via urinary 
losses is recommended in sodium assessment studies by the WHO (World Health 
Organization 2010).  At least seven 24-hr urine collections are required to 
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characterise the sodium intake of individuals, this is because of the large intra- 
individual fluctuations in day-to-day sodium intake (Cooper et al. 1980). 
However, single 24-hr urine collections of individuals can be used to assess the 
sodium intake of populations (Sadler et al. 2011) or specific groups 
(INTERSALT Cooperative Group 1988; Bates and Bingham 1997). 
Food Frequency Questionnaires (FFQs) have also been used to estimate sodium 
intakes as they assess intake over longer periods and may overcome high day-to- 
day variability of intake (McLean 2014). However the quantification of absolute 
intake cannot be determined (Livingstone and Robson 2000). Dietary methods 
(e.g. 3-day food record or 24-hr dietary recalls) are widely used to measure 
dietary sodium intake and many studies in adults and children, including large 
national nutrition surveys (INTERSALT Cooperative Group 1988; Sadler et al. 
2011), have utilised the 24-hr dietary recall method. Although a single 24-hr 
recall is acceptable to describe population intake, it is insufficient to describe 
usual food and nutrient intakes of an individual, thus multiple 24-hr recalls on the 
same individual over several days are required to achieve this objective (Cooper 
et al. 1980). In addition, both food record and 24-hr dietary recall measures tend 
to underestimate sodium intake, as salt added during cooking and at the table 
(collectively known as discretionary salt use) is not assessed (Loria et al. 2001) 
and these measures are also prone to self-reporting errors (Livingstone and 
Robson 2000). In addition, there is often a large variation in sodium content 
across branded food products, which is not taken into account in food 
composition databases. 
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1.6 Sodium: physiological function, recommendations, intakes and 
sources 
1.6.1 Physiological function of sodium 
Sodium is the key cation in extracellular fluid and is an essential nutrient required 
for acid base balance, maintenance of extracellular volume and serum, 
transmission of nerve impulse and normal cell function (Adrogue and Madias 
2007). Approximately 98% of sodium is absorbed in the small intestine during 
digestion and sodium balance is tightly maintained via the renal system (Adrogue 
and Madias 2007). There are a number of complex mechanisms (which are 
beyond the scope of this thesis) whereby increased dietary sodium increases 
cardiovascular risk, the primary effect being to increase blood pressure,  
increasing risk of stroke and myocardial infarction (Oberleithner et al. 2009; 
Versari et al. 2009). Put simply, a high salt diet alters sodium balance, which over 
time causes a reduction in kidney function and water retention, leading to elevated 
BP (Adrogue and Madias 2007). 
1.6.2 Sodium recommendations for adults 
In Australia, as in other countries, a system of nutrient reference values (NRVs) 
has been established by the National Health and Medical Research Council 
(NH&MRC) to specify the requirements needed for individuals over the life 
stages (National Health and Medical Research Council 2006)  (Table 1.1). 
Regarding the NRVs for dietary sodium, due to the lack of data from dose- 
response trials, an Estimated Average Requirement (EAR) could not be 
determined and therefore Recommended Dietary Intake (RDI) could not be 
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derived (National Health and Medical Research Council 2006). As such, the 
NH&MRC has set an Adequate Intake (AI) for male and female adults for sodium 
of 460‒920 mg/d (1.15‒2.3 g salt), to ensure key nutritional requirements are met. 
Importantly, based on the adverse effects of higher sodium intake on BP, an 
Upper Level of Intake (UL) for adult males and females for sodium of 2300 mg/d 
(~6 g/d salt) has also been set (National Health and Medical Research Council 
2006). In addition to the recommendations described and in recognition of the 
health benefits of maintaining low BP throughout life, a Suggested Dietary Target 
(SDT) of 1600 mg/d (~4 g/d salt) for sodium for both males and females aged 14 
years and over is also recommended by the NH&MRC (National Health and 
Medical Research Council 2006). This SDT (intake per day on average) is also 
consistent with the WHO sodium guidelines, which recommend that adults 
consume no more than 2000 mg/d (5 g/d salt) (World Health Organization 
2012a). 
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Table 1.1: National Health and Medical Research Council Nutrient 
Reference Values definitions (National Health and Medical Research 
Council 2006) 
Nutrient 
Reference 
Values 
Definitions 
Estimated 
Average 
Requirement 
(EAR) 
A daily nutrient level estimated to meet the requirements 
of half the healthy individuals in a particular life stage 
and gender group. 
Recommended 
Dietary Intake 
(RDI) 
The average daily dietary intake level that is sufficient 
to meet the nutrient requirements of nearly all (97–98 
per cent) 
healthy individuals in a particular life stage and gender 
group. 
Adequate Intake 
(AI) 
Used when an RDI cannot be determined. The average 
daily nutrient intake level based on observed or 
experimentally- determined approximations or 
estimates of nutrient intake by a group (or groups) of 
apparently healthy people that are 
assumed to be adequate. 
Upper Level of 
Intake (UL) 
The highest average daily nutrient intake level likely to 
pose no adverse health effects to almost all individuals 
in the general population. As intake increases above 
the UL, the 
potential risk of adverse effects increases. 
Suggested 
Dietary Target 
(SDT) 
A daily average intake from food and beverages for 
certain nutrients that may help in prevention of 
chronic disease. 
Applicable to those aged 14 years and over. 
1.6.3 Dietary sodium intake in adults 
The estimated physiological need of sodium for adults is ~230‒460 mg/d (~0.6‒ 
1.2 g/d salt) (Brown et al. 2009). However, most adult populations from 
developed countries have a mean sodium intake between 3600–4800 mg/d 
(9‒12 g/d salt) with many Asian countries consuming on average more than 
4800 mg/d (12 g/d salt) (Anderson et al. 2010; Xu et al. 2014). According to 
dietary data from the recent 2011–13 Australian Health 
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Survey (AHS), the average sodium intake of Australian adults was 2430 
mg/d (6 g/d salt) (Australian Bureau of Statistics 2014) which exceeded the 
UL of 2300 mg/d (~6 g/d salt) for adults aged 19 years and over and was 
1.5 times the Suggested Dietary Target (SDT) of 1600 mg/d (4 g/d salt) 
(National Health and Medical Research Council 2006). It should be noted 
however that this reported average sodium amount was underestimated due 
to misreporting, limited accuracy of nutrient composition of foods in food 
databases and also as explained earlier in section 1.5, because dietary recall 
methods fail to capture discretionary salt use. Observational Australian 
studies that have used the objective measure of 24-hr urine collections to 
assess daily sodium intake in adults, have therefore reported higher intakes 
of between 2800–3040 mg/d (7–7.6 g salt/d) in women and 3040–4120 
mg/d (9.6–10.3 g salt/d) in men  (Land et al. 2014; Nowson et al. 2015). 
1.6.4 Dietary sources of sodium in adults 
For adults from western countries, approximately 75% of dietary sodium is 
derived from restaurant or manufactured foods such as breads, processed meat 
and cereals, ~10% occurs naturally in foods and ~15% is from discretionary use 
at home (added during cooking or at the table) (James et al. 1987; Mattes and 
Donnelly 1991; Andersen et al. 2009). In contrast, in developing countries such 
as China discretionary salt use accounts for the majority of total salt 
(approximately 76%) consumed (Anderson et al. 2010). 
According to the 2011–13 AHS, key sources of dietary sodium in Australian 
adults aged 19 years and older were: mixed cereal dishes (e.g. pasta or rice 
dishes) (14%), breads (13%); processed meats (6%) and cheeses (4%) 
(Australian Bureau of Statistics 2014). These data are consistent with national 
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survey findings in US adults aged 19+ years, where breads, cheese and 
processed meats (e.g. sausages and frankfurters) were the top three sources of 
sodium  (O'Neil et al. 2012). 
1.6.4 Sodium recommendations children 
The NH&MRC has also set an AI for children for sodium (as an EAR could not 
be determined) ranging from 200–400 mg/d (0.5‒1 g/d salt) for 1–3 years old up 
to 460–920 mg/d (1.15‒2.3 g/d salt) for 14–18 year olds which were derived from 
adult AIs based on relative energy intakes (National Health and Medical Research 
Council 2006). 
Consistent with adult recommendations and in recognition of the adverse impact 
on health of consuming excessive amounts of dietary sodium, the WHO advises 
that the adult sodium levels of 2000 mg/d (salt 5 g/d) should be adjusted 
downwards for children based on their energy requirements (World Health 
Organization 2012a). The NH&MRC recommends an UL for sodium intake in 
children (Table 1.2) which is in line with these WHO recommendations and 
(National Health and Medical Research Council 2006) is based on a number of 
observational studies that have shown that BP tracks with age and is adversely 
affected by high sodium intake (Bao et al. 1995; Dekkers et al. 2002; Gillman et 
al. 1993). 
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Table 1.2: National Health and Medical Research Council Nutrient Reference 
Values Upper Level of Intake (UL) for sodium for Australian children (National 
Health and Medical Research Council 2006) 
Age Upper Level of Intake mg/d (salt 
equivalent g/d) 
< 12 months UL has not been established and 
sources of intake should only be 
through breast milk, formula and food 
1‒3 years 1000 (2.5) 
4‒8 years 1400 (3.6) 
9‒13 years 2000 (5.1) 
14‒18 years 2300 (5.9) 
1.7 Dietary sodium intakes in children 
1.17.1 Dietary sodium intakes in children - global data 
International data on dietary sodium intake in children and adolescents primarily 
has come from Europe and North America (Table 1.3). Of the 13 studies 
conducted in these regions, eight utilised the 24-hr urinary sodium measurement 
method (Libuda et al. 2012; Kristbjornsdottir et al. 2012; Geleijnse et al. 1990; 
Oliveira et al. 2015; Maldonado-Martin et al. 2002; De Courcy et al. 1986; 
Marrero et al. 2014; Public Health England 2011) three used 3-day dietary records 
(Huybrechts et al. 2012; Heino et al. 2000;Kyttala et al. 2010) and two used 24-hr 
dietary recall to assess sodium intakes (Maalouf et al. 2015; Tian et al. 2013). 
Overall sodium intakes are higher than recommended across all age groups, with 
the exception of Finnish children where average daily sodium intakes for 1 year 
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olds were below recommendations (Kyttala et al. 2010) which was likely due to 
the less-sodium dense foods offered to children at this age (e.g. breast or cow’s 
milk). There were no discernible differences in average sodium intakes across the 
different measurement methods (Table 1.3), although it would have been 
expected that estimated sodium intakes using 24-hr urine collections would be 
higher compared to those obtained by dietary methods as 24-hr urinary sodium 
excretion reflects total daily salt intake (e.g. obtained from food and discretionary 
sources). 
1.7.2 Dietary sodium intakes in Australian children 
In Australia, a number of studies (Conn et al. 2009; Department of Health and 
Ageing et al. 2008; Grimes et al. 2013b; Jenner et al. 1988; Service et al. 2016; 
Australian Bureau of Statistics 2014; Webb et al. 2008; Campbell et al. 2014) 
have estimated sodium intake in Australian children and two of these have 
assessed sodium intake in preschool children (Department of Health and Ageing 
et al. 2008; Australian Bureau of Statistics 2014) (Table 1.3). Of the studies listed 
in Table 1.3, three utilised 24-hr recall data (Australian Bureau of Statistics 2014; 
Department of Health and Ageing et al. 2008; Campbell et al. 2014), two used a 
FFQ (Conn et al. 2009; Jenner et al. 1988), two utilised the 24-hr urinary method 
(Grimes et al. 2013b; Service et al. 2016) and one used a 3-day food record 
(Webb et al. 2008) to capture dietary sodium intakes in Australian children. The 
highest sodium intakes reported in school children via 24-hr urinary excretion 
were 2415 mg/d (~6 g/d salt) for boys and 2300 mg/d (5.75 g/d salt) for girls 
(mean age 9.8 years) (Grimes et al. 2013b) and 2530 mg (~6.3 g/d salt) in 9‒12 
year olds (Service et al. 2016), which were up to ~1.5 times the daily UL for 
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children aged 9-to-13 years. Within this age group, the notable exception was 
from Jenner et al. who reported a lower sodium intake of 1030 mg/d (2.5 g/d salt), 
which is 50% below the UL for 9-year-old children (Jenner et al. 1988). However, 
sodium intake may have been underestimated in this study as an un-validated FFQ 
was used to estimate sodium intake and FFQs do not include brand-specific 
information which may impact dietary sodium intake analysis. 
According to the 2011–13 AHS (utilising 24-hr dietary recall data), across all age 
groups and both genders, children exceeded UL recommendations by between 35 
and 50% (Australian Bureau of Statistics 2014). Of note, surveyed children aged 
2–3 years consumed on average 1484 mg/d (3.7 g/d salt) of sodium, which 
exceeded the UL for children aged 1–3 years by 50%. Previous, data from the 
2007 Children’s Nutrition and Physical Activity Survey (24-hr dietary recall data) 
(CNPAS) also reported excessive sodium intakes in 2–3 year old children (1675 
mg/d (~4 g/d salt)) (Department of Health and Ageing et al. 2008). Collectively, 
these studies highlight that Australian children are consuming sodium in excess of 
the UL recommendations across all age groups. 
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Table 1.3: Sodium intakes in children: existing studies from developed countries, Australian recommendations for sodium and 
Upper Level of intake (UL) (National Health and Medical Research Council 2006) 
Country Author Sample Size 
(n) 
Age (years) Study Design Method Mean Sodium (mg/d) 
(SD) 
UL (mg/d) 
Belgium Huybrechts et al. 
2012 
696* 2–3 
4–6 
Preschool survey 3-day diet
record
1758 # ≠ 
1919 # ≠ 
1–3 years: 1000 
4–8 years: 1400 
Finland Heino et al. 2000 200:100 
boys;100 girls 
13 months 
3, 5 
Subset from 
prospective RCT 
3-day diet
record
1610 (539) boys; 1572 
(517) girls
1942 (538) boys; 1900
(468) girls
2301 (557) boys; 2162
(496) girls
N/A 
1–3 years: 1000 
4–8 years: 1400 
Finland Kyttala et al. 
2010 
2535* 1, 2, 3, 4, 6 Subset population 
based cohort 
study 
3-day diet
record
1 year olds: 740 (420) 
2 year olds: 1520 (480) 
3 year olds:  1770 (470) 
4 year olds:  1940 (510) 
5 year olds:  2160 (550) 
1–3 years: 1000 
4–8 years: 1400 
Germany Libuda et al. 2012 364 # 3–<4 24-hr urine 3–<4 years  1127≠† 4–8 years:1400 
4–<7 
7–<10 
10–<13 
13–<15 
4–<7  years  1362≠† 
7–<10  years 1854≠† 
10–<13 years 2185≠† 
9–13 years: 
2000 
14–18 years: 
15–<18 2300 
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13–<15  years 2392 ≠† 
15–<18  years 2484 ≠† 
Iceland Kristbjornsdottir 
et al. 2012 
58: 30 boys; 
28 girls 
6 Subsample of 
national dietary 
survey 
24-hr urine 1633(529) # 4–8 years: 1400 
Netherlands Geleijnse et al. 
1990 
233: 108 boys; 
125 girls 
5–17 Longitudinal 
study 
24-hr urine 3128≠: boys: 3243≠; 
girls: 3013≠ 
9–13 years: 
2000 
14–18 years: 
2300 
Portugal Oliveira et al. 
2015 
163:boys 81; 
82 girls 
8–10 Cross-sectional 
study of school 
children 
24-hr urine 2657≠: 2935 (1075) 
boys; 2381 (1045) girls 
4–8 years: 1400 
9–13 years: 
2000 
Spain Maldonado- 
Martin et al. 2002 
553: 274 boys; 
279 girls 
6–17 Subset of 
population study 
24-hr urine 3128 (1449): boys: 
3266 (1610); girls: 
2898 (1230) 
4–8 years: 1400 
9–13 years: 
2000 
14–18 years: 
2300 
UK De Courcy et al. 
1986 
34: 20 boys; 
14 girls 
4–6 Randomly 
selected from 
primary schools 
24-hr urine 1472 (SEM 90) # 4–8 years:1400 
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US Maalouf et al. 778 5–9 months Subsample of 24-hr recall 191 (SEM 3) # N/A 
2015 914 6–11.9 
months 
national dietary 
survey 518 (28) 
1219 12–23.9 months 1341 (21) 1–3 years: 1000 
UK Marrero et al. 126: 65 boys; 5–6 Randomly 24-hr urine 1500 (52)¥; boys:1644 4–8 years:1400 
2014 61 girls selected from (76)¥; girls 1348 (68)¥ 
8–9 
primary schools 
1888 (80)¥: boys:1912 
(112)¥; girls: 1864 
(112)¥ 
9–13 years:2000 
111: 56 boys; 
55 girls 
3020 (136)¥; boys: 14–18 
103: 57 boys; 13–17 
3460 (188)¥; girls: 
2480 (160)¥ 
years:2300 
46 girls 
UK Public Health 3378* 4–6 National 24-hr urine 1480* 4–8 years:1400 
England. Food 
Standards 
Agency. London 
7–10 
11–18 
population survey 
2200≠ boys; 1840≠ 
girls 
9–13 years: 
2000 
2011 2840≠ boys, 2480≠ 14–18 
girls years:2300 
US Tian et al. 2013 2882* 1–3 2003–2010 
nationally 
representative 
24-hr recall 1950#≠ 1–3 years:1000 
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cross sectional 
survey 
Australia Australian Bureau 
of Statistics 2014 
>12,000
Aged >2+ 
years 
2–3 
4–8 
9–13 
14–18 
National 
population survey 
24-hr recall 1484≠: 1517≠ boys; 
1448≠ girls 
2058≠; 2236≠ boys; 
1867≠ girls 
2461≠: 2656≠ boys; 
2263≠ girls 
2761≠: 3117≠ boys; 
2399≠girls 
1–3 years:1000 
4–8 years:1400 
9–13 years:2000 
14–18 
years:2300 
Australia Conn et al. 2009 180 boys 
161 girls 
9 months Mothers 
identified through 
hospitals 
FFQ 557≠ boys 474≠ girls N/A 
Australia Department of 
Health and 
Ageing et al. 
2008 
4487 Aged 2– 
16 years 
2–3 
4–8 
9–13 
14–16 
National 
population survey 
24-hr recall 1691 boys; 1658 girls 
2229 boys 2090 girls 
2890 boys 2490 girls 
3672 boys 2623 girls 
1–3 years:1000 
4–8 years:1400 
9–13 years:2000 
14–18 
years:2300 
Australia Grimes et al. 
2013b 
238 5–13 Convenience 
sample of 
primary schools 
24-hr urine 2369 (989): 2415 
(1058) boys; 2300 
(943) 
4–8 years:1400 
9–13 years:2000 
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Australia Jenner et al. 1988 434 boys 450 
girls 
9 Primary schools 
within range of 
socio economic 
strata (not 
defined) 
FFQ 1030≠ boys 940≠ girls 9–13 years:2000 
Australia Webb et al. 2008 429* 18 months Cross sectional 3-day food
record
1170# ≠ 1–3 years:1000 
Australia Service et al. 
2016 
168 4–8 
9-12
Convenience 
sample of 
primary schools 
24-hr urine 2070 (828) # 
2530 (1219)# 
4–8 years:1400 
9–13 years:2000 
Australia Campbell et al. 
2014 
295:147 boys; 
148 girls 
9–18 
months 
Cross sectional 24-hr recall 486 (232) # 
1069 (331) # 
N/A 
*gender distribution not reported ** socio-demographic data not reported
# sodium intakes not reported separately for boys and girls; ≠ SD or SEM not reported; ¥ SEM reported; †median reported
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1.8 Dietary sources of sodium in children 
 
1.18.1 Dietary sources of sodium in children - global data 
 
A selection of key studies (including national survey data) describing key food 
sources of sodium in children’s diets across countries outside of Australia are 
described in Table 1.4 (Huybrechts et al. 2012; Fischer et al. 2009; Maalouf et al. 
2015; Meneton et al. 2009). These included children aged from 5 months-to-14- 
years and the methodologies used to assess sodium intake included either 24-hr 
dietary recall (Fischer et al. 2009; Maalouf et al. 2015; Meneton et al. 2009) or a 
3-day food record (Huybrechts et al. 2012). In children from Belgium 
(Huybrechts et al. 2012), France (Meneton et al. 2009) and Canada (Fischer et al. 
2009), bread was a main food source of dietary sodium. Other major sources of 
sodium varied across countries. For example, French, Flemish and Canadian 
children consumed pastries, soup and processed meat respectively (Fischer et al. 
2009; Huybrechts et al. 2012; Meneton et al. 2009) and this variation in food 
sources likely represented cultural food differences. In very young American 
children aged 0–5.9 months, the key food sources included formula, human milk 
and baby food. As the children aged (6–11.9 months) formula, commercial baby 
food and soup became main food sources and in children aged 12–23.9 months 
milk, soup and cheese were the top three contributors (Maalouf et al. 2015). 
1.8.2 Dietary sources of sodium in Australian children 
 
In Australia, three studies have described sources of sodium in children’s diets 
(Australian Bureau of Statistics 2014; Campbell et al. 2014; Grimes et al. 2011) 
(Table 1.4). Increasing age influenced the major sources of dietary sodium where 
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there was a greater contribution of sodium from milk products in children aged 9- 
to-18-months until the age of 2-to-3 years, after which time cereal and cereal 
products became key food sources of sodium (Campbell et al. 2014). This change 
in the major sources of sodium likely reflects the transition from infancy, through 
weaning into early childhood. 
Amongst preschool children Grimes and colleagues reported cereal (e.g. bread) 
and cereal products (e.g. pasta dishes), meat, poultry products (e.g. processed 
meat) and milk products (e.g. milk) as the main contributors of sodium in children 
aged 2–3 years (Grimes et al. 2011). These findings were consistent with those 
reported in the 2011–13 AHS, where the main sources of sodium in the diets of 
children aged 2-to-3 years were identified as cereal-based products, cereal and 
cereal products, meat and milk products (Australian Bureau of Statistics 2014). 
These foods continued to be key sources of sodium in primary school children 
aged 4-to-13 years with snack foods becoming additional moderate sources of 
sodium (Grimes et al. 2011). 
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  Table 1.4: Key sources of sodium in children: existing studies from developed countries 
Country Author Sample 
Size (n) 
Age Study 
Design 
Method Sources of sodium contribution to total daily sodium 
(%) 
Belgium Huybrechts 
et al. 2012 
197* 2–6 
years 
Preschool 
national 
dietary 
survey 
3-day diet record 22 % bread, 13% soup, 12% meat products 
Canada Fischer et 
al. 2009 
5451* 1–8 
years 
National 
survey 
24-hr recall (2
recalls)
14% bread, 10% processed meat, 9.2 % milk 
US Maalouf et 
al. 2015 
778 5–9 
months 
National 
survey 
24-hr recall (2
recalls)
71.7% formula, 22.9% human milk, 2.2% commercial 
baby food 
914 
1219 
6-11.9
months
12-23.9
months
26.7% formula, 8.8% commercial baby food, 6.1% soups, 
4.1% pasta dishes, 3.9% human milk 
12.2% milk, 5.4% soups, 5.2% cheese, 5.1% pasta mixed 
dishes, 4.6% frankfurters and sausages 
France Meneton et 
al. 2009 
243* 2–14 
years 
National 
food 
consumption 
survey 
7 day food 
record 
16% bread, 16% pastries 
Australia Australian 
Bureau of 
Statistics 
>12,000
aged >2+
years
2–3 
years 
4–8 
years 
National 
population 
survey 
24-hr recall (2
recalls)
24% cereal based products, 22% cereal products, 16% 
meat, 15% milk products 
24% cereal based products, 23% cereal products, 18% 
meat, 12% milk products 
Australia Campbell 
et al. 2014 
147 boys 
148 girls 
9–18 
months 
Cross 
sectional 
24-hr recall (3
recalls)
31% milk, 11% bread, 9% cheese 
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Australia Grimes et 
al. 2011 
1071* 2–3 
years 
9–13 
years 
National 
children's 
survey 
24-hr recall (2
recalls)
43% cereal & cereal products, 16% meat poultry, 11% 
milk products 
30% cereal based products, 21% cereal products, 18% 
meat, 9% milk products, 4% snack foods 
*gender distribution not reported
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1.9 Discretionary sources of sodium in adults and children 
 
As described previously, in the diets of adults from developed countries 
approximately two-thirds of total sodium intake is derived from processed foods 
and discretionary salt use contributes an estimated ~15% (James et al. 1987; 
Mattes and Donnelly 1991; Andersen et al. 2009). According to the AHS 2011– 
13 approximately half of Australian adults aged ≥ 19 years, reported very 
often/occasionally adding salt to cooking and 36% reported adding salt at the 
table (Australian Bureau of Statistics 2014). Furthermore, evidence from 
developed countries suggests that discretionary salt use makes a moderate 
contribution to total dietary sodium intake. For example Huggins et al. found that 
in 783 Australian adults (mean age 64 (SD 6.3) years) the use of salt in cooking 
was associated with a higher daily sodium excretion compared with those adults 
who did not add salt to cooking (3627 (SD 51) versus 3266 (129) mg/day (9 
(0.12) g vs 8 (0.32) g salt) (Huggins et al. 2011). The authors also found that 
~85% of men and women reported adding salt to cooking and significantly more 
men than women reported adding salt at the table (38% vs 53%; P = <0.001) 
(Huggins et al. 2011). Charlton and colleagues noted in 325 South Africans aged 
between 39 and 47 years that between 33–46% of total sodium intake was 
attributed to the addition of salt at the table and when cooking (Charlton et al. 
2005). 
 
Given the contribution of discretionary salt to total daily sodium intake in adults, 
it seems plausible that discretionary salt may also influence total daily sodium 
intake in children. However, mixed findings from a limited number of studies 
make it difficult to draw any strong conclusions. For example, Mustafa and 
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colleagues showed, in 15 boys aged 7-to-10-years from Indonesia, that lithium- 
labelled discretionary salt contributed approximately 50% of 24-hr urinary 
sodium excretion (Mustafa et al. 2006). In contrast Grimes et al, measured total 
daily salt intake by 24-hr urinary excretion and assessed discretionary salt use by 
questionnaire in 238 Australian children aged 5–13 years (Grimes et al. 2013b). 
The authors found there was no difference in mean 24-hr urinary excretion 
between children who reported ‘usually’ or ‘sometimes’ adding salt to cooking 
and at the table and those children who reported ‘never’ or ‘rarely’ adding salt to 
cooking and at the table (Grimes et al. 2013b). The authors noted that these 
results may be due the modest sample size and the use of 24-hr urine collection 
for sodium assessment compared with discretionary salt use (Grimes et al. 
2013b). 
 
In Australia, the 2011–13 AHS (Australian Bureau of Statistics 2014) described 
discretionary salt use in children age 2–18 years and their parent/caregivers and 
showed salt added to cooking was more common than salt added at the table. For 
example between 40–46% parent/caregivers of the participants years reported 
‘very often’ or ‘occasionally/sometimes’ adding salt to cooking whereas between 
2–31 % of parent/caregivers reported ‘very often’ or ‘occasionally/sometimes’ 
adding salt at the table (Australian Bureau of Statistics 2014). These findings are 
similar to previously reported estimates of discretionary salt use in children aged 
2–16 years from the 2007 CNPAS survey (Department of Health and Ageing et 
al. 2008). In addition, Grimes at al. found that in 238 Australian children aged 5– 
13 years almost half reported adding salt at the table (Grimes et al. 2013b). 
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In summary, amongst adults across developed countries, adding salt at the table 
and during cooking is common, contributing to a higher daily sodium excretion. 
Of concern is the use of discretionary salt by parents of young children as parental 
modelling is often used to intentionally demonstrate preferred eating practices in 
front of a child (Jansen and Tenney 2001). For example, parents may eat 
vegetables in front of their child with the intended outcome of increasing their 
child’s vegetable consumption (Reinaerts et al. 2007; van der Horst et al. 2007). 
Unintentional modelling by parents can also influence a child’s food intake 
(Palfreyman et al. 2014). For instance a recent observational study found maternal 
unintentional modelling of savoury snack food consumption was positively 
associated with their child’s savoury snack intake (Palfreyman et al. 2014). 
However, there is a paucity studies which have explored the relationship between 
parental modelling of discretionary salt use and children’s discretionary salt 
behaviour. Given a key factor in the modelling process is the opportunity for 
children to observe their parents’ eating behaviour, it seems plausible that 
children of parents who place a salt shaker on the table and regularly add salt to 
their food are more likely to adopt this behavior. Therefore parental modelling is 
likely to impact on a child’s preference and use of discretionary salt, which may 
in turn influence the child’s total dietary intake of sodium. 
In addition, salt added at the table is more likely to be available to taste than the 
salt added to manufactured foods (Beauchamp et al. 1987) and evidence in 
children has shown that a high salt sensory experience may influence the taste 
preference for highly salted foods (Harris and Booth 1987). 
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1.10 Tracking of salt preference in children 
 
At approximately six months of age a preference for salt begins to emerge where 
infants prefer salty water over plain water (Schwartz at al. 2009; Beauchamp et al. 
1986), which may be due to an exposure effect as this is the period where the 
majority of infants are weaned and therefore exposed to salty foods (Schwartz at 
al. 2009). 
This period of exposure to salty foods in young children is important as it has 
been shown to predict preference for salty food later in childhood. For instance 
Yeung and colleagues demonstrated that 116 infants introduced to salted starchy 
foods by six months of age had an increased preference for the taste of salt at 
preschool age (Yeung et al. 1984). More detailed evidence comes from Stein and 
colleagues who assessed salty taste acceptance in infants at two months of age 
and again at six months of age (n = 61) (Stein et al. 2012). Almost all (90%) of 
the 6-month-old infants had been introduced to complimentary baby food and 
approximately half had been exposed to salted starchy table food (e.g. bread). At 
six months there was increased preference for salt only in those infants who had 
prior experience with salted starchy table food. Follow-up data was collected in a 
subset of 26 preschool children (36‒48 months) and showed children who had 
been introduced to salted starchy table foods at six months of age were more 
likely to lick salt from the surface of foods (P = 0.007) and to eat plain salt (P = 
0.08). This salt behaviour observed at 36‒48 months was associated with both 
preference for salty solutions and overall intake of salt at 6 months of age (Stein 
et al. 2012). 
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In summary these findings suggest that exposure to salty foods early in childhood 
may lead to an increase in salt preference which may persist later in life. 
1.11 Salt intake in Australian Long Day Care (LDC) centres 
 
In developed parts of the world such as the US, Europe and the UK over 50% of 
children under five years of age attend some form of centre-based childcare 
service for often up to 8 hours a day (Federal Interagency Forum on Child and 
Family Statistics 2015; Blackburn, 2006; Eurostat 2008). Similarly, in Australia, 
approximately half of children aged 0–5 years attend LDC and these children 
spend on a substantial part of their day in care (Australian Bureau of Statistics 
2015a). Daily meals are frequently provided at these settings and include 
breakfast, lunch and morning and afternoon snacks (Department of Health and 
Ageing 2009). Australian national government guidelines (known as the National 
Quality Framework) stipulate that ‘healthy eating is promoted and food and drinks 
provided by the service are nutritious and appropriate for each child’. (Council of 
Australian Governments 2009). In Victoria, Australia, the Healthy Eating 
Advisory Service (HEAS) Menu Planning Guidelines for LDC provide more 
specific guidelines, recommending that the provision of morning tea, lunch and 
afternoon tea should provide 50% of total daily requirements for energy and 
nutrients (Victorian State Government 2013). These menu planning guidelines 
specify the minimum number of children’s serves of each of the five food groups 
that should be provided to 1–5 year old children as outlined in the Australian 
Dietary Guidelines (ADG) (National Health and Medical Research Council 
2013). Regarding the use of salt and the provision of salty foods at LDC centres, 
the HEAS guidelines recommend that salt not be added to cooking nor made 
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available at the table and discretionary items (e.g. chips and, savoury snacks) 
should be avoided on LDC menus because of their high fat, sugar and salt content 
(Victorian State Government 2013). The inclusion of processed foods such as 
ham or bacon, which are significant contributors to dietary sodium intakes in 
children (Australian Bureau of Statistics 2014), are to be limited to once or twice 
a week. Other processed meats such as sausages, frankfurts and salami are should 
not be included on the menu (Victorian State Government 2013). 
Although there is currently no data regarding sodium intake in Australian LDC 
centres it is likely that the meals provided in LDC centres make a substantial 
contribution to children’s total daily sodium intake as some children attend day 
care for up to ~30 hours/week (Australian Bureau of Statistics 2015) and during 
one day would receive lunch and 2 snacks. Furthermore, core foods (e.g. bread, 
cereal products and cheese) promoted in the ADG to be consumed to meet 
nutritional requirements, are also known to be key sources of children’s sodium 
(Australian Bureau of Statistics 2014). The inclusion of cured meats and 
ingredients such as stock cubes or manufactured sauces that are added to foods 
during cooking are also likely to make contributions to children’s sodium intakes 
even if they are used infrequently provided (Australian Bureau of Statistics 2014). 
1.12 Potassium: physiological function, assessment and role in BP 
 
1.12.1 Physiological function of potassium 
 
Potassium is an essential nutrient required for a number of physiological functions 
such as the maintenance of total body fluid, acid and electrolyte balance and 
normal cell function (Adrogue and Madias 2007). It is the main intracellular 
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cation and potassium balance is maintained by the renal system (Adrogue and 
Madias 2007). Circulating levels of potassium in the blood, which are influenced 
by dietary intake, enhance vasodilation by increasing the release of the 
vasodilator nitric oxide, which reduces total peripheral resistance in the vascular 
bed, reducing blood pressure (Oberleithner et al. 2009). 
1.12.2 Dietary sources of potassium 
 
For several millions of years our human ancestors consumed a diet of high in 
plant material and thus consumed high amounts of potassium, the intakes of 
which are estimated to have exceeded 9750 mg/day (Cordain et al. 2005). Now in 
economically developed societies, dietary potassium intakes have been reduced to 
lower levels due to the increased consumption of processed cereals (where dietary 
fibre is removed during manufacturing) and less vegetable matter (Cordain et al. 
2005; He and MacGregor 2008). Dietary potassium is found in a wide variety of 
unprocessed foods such as fruits, vegetables, legumes and whole grain cereals and 
dairy foods. (National Health and Medical Research Council 2006; National 
Health and Medical Research Council 2013). Approximately 85% of potassium 
consumed is absorbed and of the ingested potassium, 80–90% is excreted in the 
urine with the remainder excreted in the faeces and sweat (Holbrook et al. 1984). 
1.12.3 Assessing dietary potassium intakes 
 
Dietary recalls, dietary records and 24-hr urinary potassium excretion have been 
used to estimate potassium intakes though obtaining an accurate measure of 
dietary potassium can be problematic. Dietary methods may overestimate 
potassium intakes due to recall bias or self-reporting errors (Mercado et al. 2015) 
and 24-hr urinary excretion has a high participant burden and is expensive. 
Furthermore, total dietary potassium intakes may be under-estimated as ~10-15% 
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of dietary potassium is lost due to faecal excretion (Bates and Bingham 1997) and 
faecal losses can also increase with increased dietary intake (Tasevska et al. 
2006). 
 
1.12.4 Global potassium intakes and recommendations in adults 
 
To reduce CVD risk, the WHO recommends a potassium intake for adults of at 
least 3510 mg/day (World Health Organization 2012b). Countries such as the UK, 
Spain, Belgium as well as Mexico also recommend this average adult intake 
whilst the US, Canada, Korea and Bulgaria recommend a higher average intake of 
4680 mg/day (World Health Organization 2012b). However, global estimates 
using the objective 24-hr urine excretion method have revealed that the average 
adult potassium intake in many countries were well below the WHO 
recommendations (INTERSALT Cooperative Group 1988). For example, mean 
24-hr urinary potassium excretions of <3510 mg/d and were reported in Mexico 
(1560 mg/d), Canada (1794 mg/d), the US (2044 mg/d) and the UK (2457 mg/d) 
(INTERSALT Cooperative Group 1988). 
1.13 Potassium intake and blood pressure in adults 
 
A number of epidemiological studies have shown that higher potassium intakes 
lowers BP (INTERSALT Cooperative Group 1988; Khaw and Rose 1982). The 
largest of these studies was the worldwide INTERSALT study, which involved 
10,079 men and women aged 20–59 from 32 countries. The authors investigated 
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the relationship between electrolytes and BP and importantly found that 
potassium intake, (measured via 24-hr urinary potassium excretion), was an 
independent determinant of population blood pressure (INTERSALT Cooperative 
Group 1988). Since then, a number of RCTs have investigated the effect of 
potassium supplementation and dietary potassium on BP (Aburto et al. 2013a; 
Cappuccio and MacGregor 1991; Geleijnse et al. 2003; Whelton et al. 1997; 
Appel et al. 1997) and some of the most convincing evidence for the beneficial 
effect of potassium on BP in adults has been derived from treatment trials 
involving potassium supplementation. 
1.13.1 Influence of potassium supplementation on blood pressure in adults 
 
A number meta-analyses of RCTs have shown that oral potassium 
supplementation has a beneficial role in regulating BP where increasing potassium 
intake lowers BP in hypertensive adults and to a lesser extent in normotensives 
(Aburto et al. 2013a; Cappuccio and MacGregor 1991; Geleijnse et al. 2003; 
Whelton et al. 1997). For instance, in a systematic review meta- analysis Aburto 
and colleagues identified 22 randomised controlled trials (n = 1606) that 
addressed the effect of potassium supplementation on blood pressure in adults 
(Aburto et al. 2013a). The length of interventions ranged from four weeks to 12 
months and potassium supplementation ranged from < 90 mmol/day to >155 
mmol/day. The authors found from the high quality evidence that increased 
potassium intake significantly reduced SBP by 3.5 mm Hg and DBP by 2 mm Hg 
in normotensives and by 5.32 mm Hg and 3.10 mm Hg in hypertensives. (Aburto 
et al. 2013a). These findings were consistent with data from earlier meta-analyses 
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of treatment trials showing the effect of supplementation on BP (Cappuccio and 
MacGregor, 1991; Geleijnse et al. 2003; Whelton et al. 1997). 
1.13.2 Influence of dietary potassium on blood pressure in adults 
 
In addition to the effect of potassium supplementation on BP, studies have also 
explored the effect of foods rich in potassium on BP. However, this influence on 
BP is more difficult to identify than potassium supplementation as the BP 
lowering effect may be attributable to other components in foods that are rich 
sources of dietary potassium such as fruits and vegetables (Appel et al. 1997). 
Nevertheless, one example showing this relationship has been the Dietary 
Approaches to Stop Hypertension (DASH) trial, a cross-over RCT which 
investigated the effects of dietary patterns on BP in 459 normotensive adults or 
those with mildly raised BP (Appel et al. 1997). Appel and colleagues 
demonstrated that consuming a diet of 8-to-10 servings/day of fruits and 
vegetables (equivalent to 4700 mg/d potassium) over eight weeks significantly 
lowered SBP by 2.8 mm Hg (p = 0.001) and DBP by 1.1 mm Hg (p = 0.07) 
compared to the control diet, where potassium intake was 1700 mg/day (Appel et 
al. 1997). This lowering of BP observed with a diet of fruit and vegetables was 
achieved after 2 weeks and persisted up to six weeks (Appel et al. 1997). 
However, although the DASH diet was high in potassium, this was a 
multifaceted dietary intervention, which included a number of other dietary 
changes including decreased saturated fat, increased wholegrains and increased 
dietary calcium (Appel et al. 1997) which may have affected the findings. 
Indeed, in adults diet quality has been shown to be inversely related to 
cardiovascular risk factors (Nicklas et al. 2012) and a higher health behaviour 
score (determined by five health behaviours including diet quality) was associated 
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with lower diastolic and systolic BP (Livingstone and McNaughton 2017). Thus it 
seems that those consuming greater amounts of fruits and vegetables are also 
likely to be adopting a healthy lifestyle and therefore experience a range of 
protective effects which have independent effects on CVD. So whilst diets high in 
fruits and vegetables are associated with reduced CVD risk (He et al. 2006) and 
the high potassium content of these foods does seem to be a plausible mechanism 
to explain the protective effect on cardiovascular function (Dauchet et al. 2006) 
under these circumstances a higher potassium intake could just be a marker for a 
healthy lifestyle. 
1.14 The Sodium:Potassium ratio and blood pressure 
 
1.14.1 The sodium-potassium ratio and blood pressure in adults 
 
Whilst it is important to consider the association between dietary potassium and 
BP, observing the combined relationship of dietary sodium and dietary potassium 
is key as the interaction of these two nutrients play a principle role in the 
development of elevated BP (Adrogue and Madias, 2007). 
One study which has shown the effect of a high potassium and low sodium diet is 
the Dietary Approaches to Stop Hypertension (DASH)-sodium trial which 
involved 412 adults (with an average age of 47 years) who were assigned to either 
a typical American diet (e.g. high in red meat and sugar) or the DASH diet which 
was rich in low fat dairy, fruit and vegetables (Sacks et al. 2001). Participants in 
each group were assigned three levels of sodium 3450, 2300, 1150 mg/d (8, 6, 4 
g/d salt) in a randomised crossover method for 30 days each (Sacks et al. 2001). 
Findings showed that the DASH diet significantly lowered blood pressure at all 
three levels of sodium intake and importantly, the combination of the DASH-diet 
and the low sodium diet resulted in the greatest effect on BP (Sacks et al. 
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2001).Hence it appears that the molar ratio of sodium to potassium (Na:K) is an 
important risk factor for high BP (Huggins et al. 2011; Ndanuko et al. 2017; 
Zhang et al. 2013) and CVD (Cook et al. 2009). The previously described 
international INTERSALT study which involved 10,079 adults has importantly 
shown (24-hr urinary analysis) that the molar Na:K ratio is a better predictor of 
BP than sodium alone (INTERSALT Cooperative Group 1988). More recently, 
Perez and Chang conducted a systematic review which included 18 RCTs 
(conducted in 13 hypertensive, 1 pre-hypertensive/hypertensive and 4 
normotensive populations), 22 cross-sectional studies and one observational 
study, to determine if the Na:K ratio was more strongly associated with BP than 
either sodium or potassium alone (Perez & Chang, 2014). Duration of the 
included RCTs ranged from six to 168 days, the number of subjects ranged from 
8-to-412, follow-up periods were ≥ 4 weeks, interventions were either dietary, 
supplementary or diet and supplements and 17 trials used the 24-hr urinary 
sodium or potassium excretion. The authors found that seven of the 18 included 
RCTs conducted in hypertensive or pre-hypertensive/hypertensive populations 
supported the premise that the Na:K was more strongly associated with BP than 
either sodium or potassium alone. Regarding the review of the cross-sectional 
studies, findings also showed a stronger association between dietary/or urinary 
Na:K and BP than either sodium or potassium alone (Perez & Chang 2014). 
In recognition of the relationship between these two electrolytes, the WHO 
recommends that the ratio of Na:K should be approximately one which is likely 
beneficial for health and can be achieved if an individual consumes the 
recommended dietary intake for sodium and potassium (World Health 
Organization 2012b). However, based on global estimates, adults from 
industrialised nations are consuming 2300–9200 mg sodium per day (5.7–23 g 
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salt) and 1170–2730 mg potassium per day (INTERSALT Cooperative Group 
1988), resulting in a molar Na:K ratio of 3.3-to-5.7 (World Health Organization 
2012b). 
 
1.15 Potassium intake and blood pressure in children and 
adolescents 
Given the key role dietary sodium and potassium play in the pathogenesis of high 
BP (Adrogue and Madias 2007) and the evidence that BP tracks across the 
lifespan from childhood into adulthood (Chen and Wang 2008; Toschke et al. 
2010), it is relevant to assess the relationship between dietary potassium intake 
and BP in children. Although, within this area there is a sparseness of data; one 
systematic review and meta-analysis offers some insight. Aburto and colleagues 
assessed the effect of increased potassium intake on BP in children in a systematic 
review and meta-analysis of three controlled trials conducted in the USA and one 
cohort study conducted in the Netherlands (Aburto et al. 2013a). The two 
randomised trials included 250 children aged 13-to-15 years, the one non- 
randomised trial included 76 adolescents aged 11-to-14 years and the cohort study 
included 233 children aged 5-to-7 years. The findings from the controlled trials 
showed the children and adolescents who consumed more dietary potassium had 
non-significantly lower SBP (-0.28 mm Hg) and DBP (-0.92 mm Hg) (Aburto et 
al. 2013a). The authors concluded however, that the lack of significant effect 
reflected a lack of statistical power. The beneficial effect of higher potassium on 
BP was supported however, by the findings from the cohort study; a mean yearly 
rise in SBP was 1.4 mm Hg in the group with a high potassium intake compared 
to a 2.4mm Hg rise in the group with a low potassium intake (p = 0.007) (Aburto 
et al. 2013a). These results indicated that a higher potassium intake in children 
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was inversely related to the rate of increase in BP over a seven-year period. 
Longitudinal data by Buendia at al has also provided evidence for the beneficial 
effects of dietary potassium (measured via diet records) on BP in 2185 US girls 
initially aged 9 and 10 years (and who were followed up for 10 years) (Buendia et 
al. 2015). Reported findings showed those with the highest dietary intakes of 
potassium, (≥ 2400 mg/d) had a significantly lower mean SBP of 108.2 mm Hg 
and a mean DBP of 64.7 mm Hg at the end of adolescence compared with girls 
having the lowest potassium intakes (<1800 mg/d) (Buendia et al. 2015). 
In summary, evidence showing the effect of potassium on BP in children is mixed 
and more high-quality RCTs investigating the effect of potassium intake on BP in 
children are required. Until more evidence becomes available, the WHO has 
concluded that potassium is likely to have the same relationship to BP in children 
as in adults because renal function (the body’s main mechanism for controlling 
potassium balance) is fully developed early in childhood (World Health 
Organization 2012b). 
1.15.1 The sodium-potassium ratio on blood pressure in children 
 
Although there is a paucity of research from RCTs and observational studies 
demonstrating the effects of the Na:K ratio on BP in children and adolescents,  
two longitudinal studies from the Netherlands and the US do provide some 
direction (Buendia et al. 2015; Geleijnse et al. 1990). One showed a greater yearly 
rise in SBP over 7 years in those with a Na:K of 2.24 compared with those with 
Na:K ratio of 1.43, in 233 Dutch children aged 5-to-17 years (Geleijnse et 
al.1990). More recently, Buendia and colleagues (details of the study described 
above) reported a small but significant lower mean SBP (from 109.4 to 108.1 mm 
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Hg) with an increasing potassium to sodium ratio from (<6 to ≥ 8) (P = 0.4) 
amongst 2185 adolescent girls (Buendia et al. 2015). 
In summary, the effects of the Na:K ratio on blood pressure in children remains 
under explored, although the available observational data do offer some evidence 
that a lower Na:K ratio is related to BP in children. Given the main roles sodium 
and potassium play together in regulating BP in children, more research is 
required to understand the effects of the Na:K ratio on BP. 
1.16 Potassium: Dietary recommendations, intakes and sources 
 
1.16.1 Australian adult recommendations 
 
In Australia, the NH&MRC recommends an Adequate Intake (AI) for dietary 
potassium for adults, as there is insufficient evidence to establish an Estimated 
Average Requirement (EAR) and a Recommended Dietary Intake (RDI) 
(National Health and Medical Research Council 2006) (see Table 1.1 for 
definitions). The AIs for potassium for Australian men and women aged 19 years 
and older are 3800 mg/d and 2800 mg/d, respectively and were set at a median 
level of consumption based on national survey data (National Health and Medical 
Research Council 2006) In addition to the AI for potassium, a Suggested Dietary 
Target (SDT) for potassium of 4700 mg/d has also been set for Australian adult 
men and women aged 14 years and older based on studies showing that potassium 
can mitigate the effects of sodium on BP (National Health and Medical Research 
Council 2006). 
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1.16.2 Australian adult potassium intakes 
 
In Australia, two cross-sectional studies have estimated potassium intakes in 
adults, using 24-hr urine collections (Huggins et al. 2011; Notowidjojo and 
Truswell 1993). Notowidjojo and Truswell reported 24-hr urinary potassium 
excretions ranging from 2067-to-2847 mg/d in 117 adults aged 20-to-64 years 
(Notowidjojo and Truswell 1993). However, as subjects were selected from a 
University community with a third being either nutrition students or staff, it was 
not possible to generalise these estimates to the wider Australian adult population. 
More recently, a cross sectional study by Huggins et al reported in 783 adults 
(407 female) with a mean age of 64 ± 6.3 (SD) years, an average urinary 
potassium excretion of 3210 (SD 1092) mg/day (female 3011 (SEM ±55) mg/d 
and males 3436 (±74) mg/d) (Huggins et al. 2011). The authors noted that 
although stratified sampling was based on age and country of birth, 
generalisability was limited as all participants lived in a major metropolitan 
(Melbourne) area (Huggins et al. 2011). Findings from Huggins et al showed 
females met the AI of 2800 mg/d for women whereas male participants fell below 
the AI of 3800 mg/d for men. Findings from both studies indicated potassium 
intakes (excretion) fell below, SDT of 4700 mg/d for potassium (National Health 
and Medical Research Council 2006) by up to ~50% (Notowidjojo and Truswell 
1993; Huggins et al. 2011). These findings are consistent with the AHS 2011–13, 
which reported average potassium intakes of adults aged 19 years and over were 
3212 mg/d for men and 2620 mg/d for women (Australian Bureau of Statistics 
2014) which provided further evidence that potassium intakes for Australian 
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adults are below the SDT of 4700 mg/d (National Health and Medical Research 
Council 2006). 
1.16.3 Potassium recommendations for children 
In acknowledgement of the important public health impact of increasing dietary 
potassium intake, the WHO potassium recommendation of 3510 mg/d for adults 
are adjusted downward for children based on energy needs of children relative to 
those of adults (World Health Organization 2012). Similarly, as for Australian 
adults, there are no potassium EARs or RDIs set by the NH&MRC for Australian 
children due to the paucity of evidence to support these recommendations 
(National Health and Medical Research Council 2006). As such, AIs have been 
established for children aged 0-months-to-18 years (Table 1.5) and an SDT for 
males and females over the age of 14 years is set at 4700 mg/d (National Health 
and Medical Research Council 2006). 
Table 1.5: National Health and Medical Research Council Adequate Intakes (AI) 
for potassium for Australian children (National Health and Medical Research 
Council 2006). 
Age AI (mg/d) 
0‒6 months 400 
7‒12 months 700 
1‒3 years 2000 
4‒8 years 2300 
9‒13 years 2500 girls, 3000 boys 
14‒18 years 2600 girls, 3600 boys 
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1.17 Potassium intakes in children 
1.17.1 Potassium intakes in children - global data 
Worldwide, information describing children’s dietary potassium intakes outside 
of Australia is available from Europe (Huybrechts et al. 2012; Meneton et al. 
2009; Kristbjornsdottir et al. 2012; Campanozzi et al. 2015; Geleijnse et al. 1990; 
Oliveira et al. 2015; Maldonado-Martin et al. 2002), Canada (Tanase et al. 2011) 
and the USA (Buendia et al. 2015) and a range of methodologies have been used 
to assess dietary potassium intakes (Table 1.6). With the exception of one study, 
which specifically recruited schoolchildren (Oliveira et al. 2015), all study 
participants were obtained from national surveys and due to sampling frameworks 
(e.g. included a broad range of Socio-Economic-Status backgrounds), are likely 
nationally representative. Three of these studies (Huybrechts et al. 2012; Meneton 
et al. 2009; Tanase et al. 2011) reported potassium intakes of > 2000 mg/d in 
preschool children aged 1–3 years. Amongst the children included with ages 
ranging from 5-to-18 years, highest mean potassium estimates ranged from 1704 
mg/d in Dutch children (Geleijnse et al. 1990) to >2400 mg/d in US children 
(Buendia et al. 2015). 
1.17.2 Dietary potassium intakes in Australian children 
In Australia, four studies have assessed dietary potassium intake in children 
(Australian Bureau of Statistics 2014; Department of Health and Ageing et al. 
2008; Jenner et al. 1988; Service et al. 2016) (Table 1.6). Utilising a Food 
Frequency Questionnaire, Jenner reported intakes in children aged 9 years of 
2370 (SD 670) mg/d in boys and 2250 (660) mg/d in girls and these intakes fell 
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below the AI for this age group by 21% and 10% respectively. In the study by 
Service et al. (n =168) the reported intakes of K derived from 24-hr urinary 
excretion were 2070 (SD 828) mg/d for children aged 4–8 and 2530 (1219) mg/d 
for children aged 9–12 and were in excess of the AI intakes for potassium by 32% 
and 21%, respectively (Service et al. 2016). 
According to the 2011–13 AHS across all age groups and both genders children’s 
reported potassium intakes fell below AI intake recommendations by between 7 
and 22% (Australian Bureau of Statistics 2014). The exception was children aged 
1–3 years who on average consumed 2042 mg /d of potassium, which was close 
to the AI for children aged 1–3 years (Australian Bureau of Statistics 2014). 
Previous data from the 2007 CNPAS reported potassium intakes above the AI for 
children of both genders across all age groups with the exception of girls aged 4– 
8 years who had an average potassium intake of 2284 mg/d, which was close to 
the recommended AI of 2300mg/d for children in this age range (Department of 
Health and Ageing et al. 2008). 
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Table 1.6: Potassium intakes (mean (SD)) in children: existing studies from developed countries Australian 
recommendations for potassium and adequate intake (AI) (National Health and Medical Research Council 2006) 
Country Author Sample 
size (n) 
Age 
(years) 
Study Design Method Mean potassium 
mg/d (SD) 
AI (mg/d) 
Belgium Huybrechts et al. 
2012 
197* 2–3 Preschool 
national 
dietary survey 
3-day diet record 2322 # ≠ 1–3 years: 2000 
Canada Tanase et al. 
2011 
2114* 1–3 National 
Canadian 
Community 
Health Survey 
24-hr recall (2 days) 2619 # ≠ 1–3 years: 2000 
France Meneton et al. 
2009 
243* 2–5 National Food 
Consumption 
Survey 
7-day food record 2496 # ≠ 1–3 years: 2000 
4–8 years: 2300 
Iceland Kristbjornsdottir 
et al. 2012 
58: 30 
boys; 28 
girls 
9 Subsample of 
national 
dietary survey 
24-hr urine 1209 (429) # 9–13 years: 3000 
boys, 2500 girls 
Italy Campanozzi et 
al. 2015 
1424: 766 
boys; 658 
girls 
6–18 Subsample of 
national 
survey 
24-hr urine 1521≠ boys; 
1404≠girls 
4–8 years: 2300 
9–13 years: 3000 
boys; 2500 girls 
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14–18 years: 3600 
boys; 2600 girls 
Netherlands Geleijnse at al. 
1990 
233: 108 
boys; 125 
girls 
5–17 Random 
sample from 
population 
study 
24-hr urine 1704≠: 1833≠ boys; 
1599≠ girls 
4–8 years: 2300 
9–13 years: 3000 
boys; 2500 girls 
14–18 years: 3600 
boys; 2600 girls 
Portugal Oliveira et al. 
2015 
163: boys 
81; 82 girls 
8–10 Cross- 
sectional 
study of 
school 
children 
24-hr urine 1681: 1701 (594) 
boys; 1682 (541) girls 
9–13 years: 3000 
boys; 2500 girls 
Spain Maldonado- 
Martin et al. 
2002 
308 boys 
305 girls 
6–14 Subset of 
population 
study 
24-hr urine 1599 boys 1443 girls 4–8 years: 2300 
9–13 years: 3000 
boys; 2500 girls 
14–18 years: 3600 
boys; 2600 girls 
US Buendia et al. 
2015 
2185 girls 9–10 Subset of 
population 
study 10 year 
follow up 
3-day food record Range <1800 – >2400 9–13 years: 3000 
boys; 2500 girls 
14–18 years: 3600 
boys, 2600 girls 
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Australia Australian 2–3 National 24-hr recall 2042*≠ 1–3 years: 2000 
Bureau of 
Statistics 2014 4–8 
population 
survey 2138*≠ 4–8 years: 2300 
9–13 2690≠ boys; 2432≠ 9–13 years: 3000 
14–18 girls boys;2500 girls 
2830ß boys; 2510≠ 14–18 years: 3600 
girls boys;2600 girls 
Australia Department of 2–3 National 24-hr recall 2283≠ boys 2196≠ 1–3 years: 2000 
Health and 
Ageing et al. 
2008 
4–8 
9–13 
14–16 
population 
survey 
girls 
2497≠ boys 2284≠ 
girls 
3127≠ boys 2656≠ 
girls 
4–8 years: 2300 
9–13 years: 3000 
boys; 2500 girls 
14–18 years: 3600 
boys; 2600 girls 
3696≠ boys 2822≠ 
girls 
Australia Jenner et al. 434 boys 9 Primary FFQ 2370 (670) boys; 2250 9–13 years: 3000 
1988 450 girls schools within (660) girls boys; 2500 girls 
range of socio 
economic 
strata (not 
defined) 
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Australia Service et al. 
2016 
168: boys 
87; girls 81 
4–8 
9–12 
Convenience 
sample of 
primary 
schools 
24-hr urine 2070 (828) # 
2530 (1219) # 
4–8 years:1400 
9–13 years:2000 
*gender distribution not reported
# potassium intakes not reported separately for boys and girls, ≠ SD or SEM not reported
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1.18 Dietary sources of potassium in children 
Three studies (Huybrechts et al. 2012; Meneton et al. 2009; Tanase et al. 2011) 
from economically developed countries have described the main food and 
beverage sources of potassium in children aged 2–14 years (Table 1.7). Dairy, 
fruit/fruit juice and vegetables were identified as the main contributors to 
potassium in Belgian (Huybrechts et al. 2012), French (Meneton et al. 2009) and 
Canadian (Tanase et al. 2011) children. In Australia, milk products, fruits, 
vegetables and meat/ poultry/game were reported as key sources of potassium in 
the diets of children aged 2–3 years in the 2011–13 AHS (Australian Bureau of 
Statistics 2014). These foods continued to be major sources of potassium in 
primary school children aged 4–18 years with the exception of milk, which 
decreased in children aged 4–18 years (Australian Bureau of Statistics 2014). 
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Table 1.7: Sources of potassium in children: existing studies from developed countries 
Country Author Sample 
size (n) 
Age 
(years) 
Study Design Sources of Potassium (percentage of potassium intake 
from top three dietary sources) 
Belgium Huybr 
echts 
et al. 
2012 
197* 2–3 Preschool 
national dietary 
survey 
12% Milk, 11% potatoes, 
11% fruit juice 
France Meneton et 
al. 2009 
243* 2–5 National food 
consumption 
survey 
20% Dairy, 18% vegetables,8% fruit juice 
Canada Tanase et 
al. 2011 
2114* 1–3 National 
population survey 
55% Milk & dairy, 22% fruit,7% vegetables 
Australia Australian 
Bureau 
2–3 National 
population survey 
28% Milk, 16% fruit, vegetables, 8% meat 
of 
Statistics 
2014 
4–8 
9–13 
21% Milk, 15% fruit, vegetables, 10% meat 
19% Milk, 10% fruit and vegetables, 13% meat 
*gender distribution not reported
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1.19 Na:K ratio for food sources 
52 
In addition, to identifying the food and beverage sources of sodium and 
potassium, it is also useful to assess the Na:K ratio of foods. Although there are no 
guidelines recommending the optimal Na:K ratio for foods, it is reasonable to 
suggest that an ideal ratio for foods should be approximately one. It would be 
expected therefore that foods rich in potassium (e.g. fruits, vegetables and dairy) 
would have a low Na:K ratio whereas processed foods which have salt added and 
reduced potassium due to the refinement of cereals (e.g. during the manufacture of 
white bread from wholegrains) (Cordain et al. 2005) would have a higher Na:K 
ratio. Thus, it is possible to attain a total dietary Na:K of ≥ 1 by increasing intakes 
of those foods rich in potassium whilst decreasing foods high in sodium. A cross- 
sectional study has assessed the Na:K ratio of food groups commonly consumed 
French adults and children (Meneton et al. 2009). Utilising a nationally 
representative sample of adults (n = 1474) and children (n = 1018), Meneton and 
colleagues showed the food group that had the highest Na:K ratio for both adults 
(29 (347)), and children (16 (12.5)) was seasonings/dressings (Meneton et al. 
2009). Other food sources with high to moderate Na:K ratios in both adults and 
children were cheeses, breakfast cereals, breads and fats (e.g. butter, margarine 
and oils). Foods which had a lower Na:K ratio were fruits, vegetables (e.g. 
potatoes and pulses) and fresh meats (e.g. beef, lamb pork) (Meneton et al. 2009). 
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1.20 The Australian Guide to Healthy Eating 
In addition to the Nutrient Reference Values for dietary sodium and potassium, 
the Australian Guide to Healthy Eating (AGHE) provides guidance on choosing a 
healthy diet with recommended amounts from five core food groups and limiting 
discretionary foods (National Health and Medical Research Council 2013). The 
AGHE advises that a varied diet, which includes foods from five food groups, 
should be consumed in order to meet nutrient requirements. Recommended 
serving sizes and serves per day for adults and children are provided to determine 
the total amount of food required from each of the five food groups (Table 1.8) 
(National Health and Medical Research Council 2013). 
Table 1.8 Australian Guide to Healthy Eating for children aged 2–3 years 
(National Health and Medical Research Council 2013) 
Food group Standard 
serve 
Examples of 
standard 
serve 
Boys (2–3 
years) 
Girls (2–3 
years) 
Vegetables 
and legumes 
75 g ½ cup cooked 
vegetables; 1 
cup salad 
vegetables 
2½ 2½ 
Fruit 150 g 1 medium 
apple; 2 small 
apricots; 1 cup 
diced or 
canned fruit 
1 1 
Grains 500 kJ 1 slice bread; 
½ cup cooked 
pasta; ½ 
cooked 
4 4 
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porridge; ¼ 
cup muesli 
Meat, 
Poultry, 
Eggs, Tofu 
500–600 kJ 65 g cooked 
lean meats; 2 
large eggs; 1 
cup legumes; 
170 g tofu 
1 1 
Dairy 500–600 kJ 1 cup milk; 40 
g cheese; ¾ 
yoghurt;1 cup 
soy milk 
1½ 1½ 
Regarding preschool children’s consumption of fruit, vegetables and dairy (which 
as described earlier are key sources of potassium), according to the 2011–13 AHS 
Australian children aged 2–3 years consumed vegetables below the recommended 
serves (~1.3 serves/d vs 2.5 serves/d) but were meeting the recommended serves 
of dairy (1.9 serves/d) and fruit (1.8 serves/d) (Australian Bureau of Statistics, 
2015). Previous data from the 2007 CNPAS reported that most (90%) of children 
aged 2–3 consumed ≥ 1–3 serves of fruit/day but only 19% of children consumed 
≥ 2-4 serves of vegetables per day (Department of Health and Ageing et al. 2008). 
Discretionary food choices, which are not needed to meet nutrient requirements, 
are foods and beverages that are often energy dense and high in saturated fats, 
sugar or salt (e.g. cakes, biscuits, chips, chocolate, ice cream) (National Health 
and Medical Research Council 2013). Regarding the consumption of sodium the 
AGHE recommends for adults and children, that the consumption of food and 
beverages containing added salt such as processed meats, crisps and salty snacks 
should be limited to once a week or less. In addition, discretionary salt use (salt 
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added to cooking or at the table) should be avoided to reduce the risk of chronic 
diseases such as obesity, hypertension and CVD (National Health and Medical 
Research Council 2013). 
However, following the AGHE recommendations whilst aiming to lower dietary 
sodium intake is challenging as core foods such as bread, cereals and cheese are 
significant sources of sodium (Australian Bureau of Statistics 2014). Furthermore, 
discretionary choices are likely to make an additional contribution to sodium 
intakes as these foods contribute more than third of energy intake in children 
(Australian Bureau of Statistics 2014). Hence, it is important to understand the 
contribution of sodium from both core and discretionary foods in order to inform 
and drive effective strategies to reduce sodium intakes in children. To date, there 
are no Australian or international studies investigating the contribution of core 
foods and discretionary foods to children’s sodium intakes. 
1.21 Processed food classification system 
In addition to categorising foods into core and discretionary groups, foods and 
beverages can also be distinguished by the level and intensity of processing. 
Almost all foods and drinks are processed in some way, unless eaten whole or raw 
(Monteiro 2009). Some food processing is considered beneficial as it aids 
consumption, palatability and/or taste and a minor amount of processing of fresh 
foods is not considered harmful (Monteiro 2009). Furthermore, processed foods 
are important components of the food supply as they help to ensure that sufficient 
food is available and that food quality meets human nutrient needs (Stuckler and 
Nestle 2012). However, the progression of a number of food manufacturing 
practices, such as chemical synthesis and reconstitution, has led to the 
Chapter 1: Literature Review
56 
development of foodstuffs, which are designed to be highly palatable, convenient, 
habit-forming, and are often energy dense and nutritionally deplete (Monteiro 
2009). 
In recognition of the extensive availability of processed foods within the food 
supply, a number of processed food classification systems have been developed 
which rank foods according to the level and intensity of food processing rather 
than in terms of nutrients (Chajes et al. 2011; Scrinis, 2013; Hall, 2000; Slimani et 
al. 2009; Moubarac at al, 2014; Monteiro, 2009). Of the schemes available, the 
NOVA (a name not an acronym) system is the most studied system and was 
developed in response to the worldwide expansion of the food supply and 
manufacture of industrial processed foods (Moubarac at al, 2014). Recently, 
NOVA has been utilised by the WHO to describe the relationship between the 
market surge in processed foods and the epidemic of obesity in Latin American 
countries (Pan American Health Organization 2015) and has also been 
incorporated into the 2014 Brazilian Dietary Guidelines (Ministry of Health Brazil 
2014). NOVA categorises ingredients into four categories: minimally processed 
(MP), processed culinary ingredients (PCI), processed (P),) and ultra- processed 
(ULP) according to the type and intensity of technological intervention (Monteiro 
et al. 2016) (Table 1.9). In the context of sodium consumption, the NOVA 
classification system emphasises the distinction between P foods that may contain 
more sodium than MP foods but are acceptable to eat in moderation and foods that 
are ULP, which are higher in sodium, nutritionally lacking and are often 
damaging to health (Monteiro et al. 2016). 
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Table 1.9: The NOVA classification with examples of foods within each 
processed food category (Monteiro et al. 2016) 
Processed Food Category Example of Processed foods 
Unprocessed or minimally Processed 
These techniques include chopping, 
peeling, fermentation techniques and 
removal of inedible fractions. The 
purpose of these processes is to 
improve or enhance the quality of the 
food by making them more palatable 
and nutritious by removing harmful 
components or preserving them 
Whole grains, fresh and fermented 
vegetables, full fat dairy products 
(yoghurt, butter), fermented soy 
products, whole meat 
Processed Culinary Ingredient 
Substances obtained directly from 
unprocessed/minimally processed or 
from nature by processes such as 
pressing, refining, grinding, milling 
Salt, sugar, honey, butter, lard, oil 
Processed 
Foodstuffs are produced through the 
extraction, refinement and 
concentration of food components 
from a whole food. Often this level of 
food processing involves the removal 
of beneficial components such as the 
body of fruit or the outer shell of 
grains. Foods within this category are 
foodstuffs produced with a 
combination of whole and refined- 
extracted ingredients and only small 
Canned vegetables, salted or sugared 
nuts, cured meats, canned fish, 
cheeses, fruits in syrup, unpackaged 
freshly made bread 
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quantities of ultra-processed 
ingredients 
Ultra-processed 
The fourth processing category of 
processed ingredients involves 
breaking down foods into their 
component parts, transforming the 
molecular structure of foods and food 
components and synthesizing artificial 
ingredients and additives. These forms 
of processing remove or degrade 
beneficial food components, introduce 
new components into foods and 
transform food components into more 
harmful end products. Foods within 
this category are composed from 
processed and ultra-processed 
ingredients and additives 
Mass produced bread, cakes, muffins, 
pastries, margarine, reconstituted 
meat, breakfast cereals made with 
refined grains, commercial snack 
foods, commercial deep fried fast 
foods, sausages, pizza 
The number of studies, which have utilised the NOVA processed food 
classification, are methodologically diverse with varied primary outcomes (Table 
1.10). Of the available studies, two investigated household availability or 
purchasing of ULP foods (Moubarac et al. 2013; Solberg et al. 2016) and one 
expolored ULP and mean energy intake (Martinez Steele et al. 2016), whilst four 
others focussed on the consumption of P and ULP foods and health outcomes 
such as CVD risk (Rauber et al. 2015), hypertension risk (Mendonca et al. 2017) 
and obesity risk (Canella et al. 2014; Costa Louzada et al. 2015). Of note, only 
one study has assessed the contribution of sodium intake from processed foods. In 
this cross sectional study, Sparrenberger and colleagues showed that among 204 
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Brazilian children aged 2–10 years ULP foods contributed 48% to total daily 
sodium intake compared with 17% from MP foods (Sparrenberger et al. 2015). 
1.22 NOVA and the Australian Food and Nutrient databases 
Despite the growing body of work demonstrating relationships between ULP 
foods and non-communicable diseases (Rauber et al. 2015; Canella et al, 2014; 
Mendonca et al. 2017), a classification system which could be used to identify the 
level of food processing has not been included in Australian nutrient databases. 
As such, foods which vary in nutritional quality are grouped together within the 
same food category, e.g. within the Australian food composition databases 
yoghurt, milk and ice-cream are categorised within the same major food group 
“milk products and dishes”. However, categorising foods according to the level of 
processing highlights the potential difference in nutritional quality between foods 
within the same group e.g. milk and yoghurt (two foods from the five food 
groups) would be classified as MP whereas ice-cream (a discretionary food) 
would be classified as ULP. AUSNUT 2007 (Food Standards Australia and New 
Zealand 2007) and AUSNUT 2013 (Food Standards Australia and New Zealand 
2011–13) are the nutrient databases which were developed by Food Standards 
Australia and New Zealand in order to estimate the nutrient intakes from 
foodstuffs consumed as part of the 2007 Children’s Nutrition Physical Activity 
Survey (CNPAS) (Department of Health and Ageing et al. 2008) and 2011–13 
AHS (Australian Bureau of Statistics 2014). Applying the NOVA processed food 
system to all food and beverage items in both AUSNUT databases, may provide a 
useful tool for monitoring dietary processed food consumption and the 
contribution processed foods make to total daily nutrient sodium intakes. In 
Australia, data reporting the availability of ULP foods in the food supply and the 
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contribution these foods make to daily nutrient intakes is scarce. To date, no 
Australian study has assessed the contribution of processed foods to total daily 
nutrients, in particular children’s sodium intakes. Given that preschool children 
spend a substantial part of their day in long day care (LDC) it important to 
determine the role of food processing at these settings, which will assist in 
understanding the aetiology of cardiovascular disease and for developing 
strategies aimed at reducing the consumption of ULP foods early in life. 
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Table 1.10: Summary of the global studies utilising the NOVA processed food categorisation system 
Country Author Sample size Age (years) Aim Setting/method Findings 
Brazil Canella et al. 
2014 
55970 
Households 
Not reported Identification of 
the relationship 
between 
household 
availability of P & 
ULP foods and the 
prevalence of 
overweight & 
obesity 
Household 
Budget Survey 
2008–2009 
Mean 
contribution of P 
and ULP foods to 
total dietary 
energy ranged 
from 
15.4 % (lower 
quartile) to 39.4% 
upper quartile). 
Those in upper 
quartile were 37 
% more likely to 
be obese 
Brazil Costa Louzada et 
al. 2015 
32898 
Households 
Not reported Assessment of the 
impact of 
consuming ULP 
foods on the 
nutritional profile 
Brazilian Family 
Budgets Survey 
2008– 
2009 
~22% of average 
energy from ULP 
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Brazil Rauber et al. 2015 345 children 3–4 
7–8 
Investigation of 
children’s 
consumption of P 
& ULP at 
preschool 
predicted an 
increase in lipid 
concentrations at 
school 
Convenience 
sample from 
previous RCT 
~43% of energy 
from P & ULP at 
preschool & 49% 
at school. ULP 
consumption at 
preschool 
predicted a higher 
increase in total 
cholesterol from 
preschool to 
school age 
Brazil Sparrenberger et 
al. 2015 
204 children 2–10 Evaluation of the 
contribution of 
ULP on dietary 
consumption of 
children 
24-hr recall 47% of mean 
energy and 48% 
mean sodium 
consumption from 
ULP 
Brazil Moubarac et al. 
2013 
5643 Households Not reported Investigation of 
the consumption 
of ULP in Canada 
National 
Household Food 
Budget 
2001 
~62% of energy 
from ULP 
Norway Solberg et al. 
2016 
798,059 
purchased food 
items 
Not reported Identification of 
the use of ULP 
foods via food 
sales 
Sales data from 
food retailers 
throughout 
Norway collected 
during 
ULP represented 
59% of food 
purchases over 
both years 
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2005 and 2013 
Spain Mendonca et al. 
2017 
14790 adults Average age 
ranging: 33–40 
Assessment of the 
association 
between ULP food 
consumption and 
hypertension risk 
Longitudinal 
cohort 2013 data 
Mean follow up 
period 9.1 (SD 
3.9) years 
Positive 
association 
between ULP 
food consumption 
and hypertension 
risk 
US Martinez Steele et 
al. 2016 
9317 adults and 
children 
1+ –80+ Investigation into 
the ULP to the 
intake of added 
sugars 
contribution of 
National Health 
and Nutrition 
Examination 
Survey 2009- 
2010 
ULP comprised 
58% energy 
intake and 
contributed90% 
of energy intake 
from added 
sugars 
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1.23 Summary 
Young children with high dietary intakes of sodium and low intakes of potassium 
are potentially at risk of developing high BP, which has been shown to track over 
the life course (Chen and Wang 2008; Tirosh et al. 2010; Toschke et al. 2010) and 
is a major risk factor for CVD in adults (Zhang et al. 2013; Cook et al. 2009). 
Little is known about sodium and potassium intakes and the sources of these two 
minerals in the diets of Australian preschool aged children. Determining the 
intakes of sodium and potassium as well as the food sources of these minerals for 
young children is vital for informing public health initiatives that aim to reduce 
dietary salt intake and increase potassium intakes in young children. This 
information is also useful to the development of more effective guidelines to 
reduce dietary sodium intake of preschool children to recommended levels, as 
well as increase dietary potassium intake to optimal levels, which could  
ultimately reduce the community health and financial burden of CVD. In addition, 
it is important to describe the types of foods in young children’s diet that make the 
greatest contributions to sodium and potassium intakes. It is also fundamental that 
we understand how the inclusion of highly processed foods impacts on total 
dietary intake of sodium and potassium as dietary habits track into adulthood. The 
application of the NOVA processed food classification system to national food 
composition databases is likely to provide useful information in the research 
environment and in monitoring practices. 
1.24 Overall research aims 
The research aimed to assess: 
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• The level of food processing within the Australian food supply by
developing a processed food classification system.
• The intake of sodium and sources of dietary sodium in 3.5 year olds and
the contributions to sodium intakes from processed, core and
discretionary foods.
• The intake and sources of dietary potassium and the molar
sodium:potassium (Na: K) ratio in 3.5 year olds.
• The provision of processed foods and the contribution of sodium
within LDC centres.
• The amount of sodium served and consumed by 3–4 year olds at LDC.
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Chapter Two: A novel processed food classification 
system applied to Australian food composition 
databases 
2.1 Preface 
 
The level of food processing can alter the nutritional quality of foods and 
beverages. Grouping foodstuffs based on the type and intensity of food processing 
allows for the distinction in nutritional quality between foods within the same 
food group and allows for the dietary patterns to be described. 
This chapter was published as a peer reviewed paper in the Journal of Human 
Nutrition and Dietetics: 
O'Halloran, SA, Lacy, KE, Grimes, CA, Woods, J, Campbell, KJ, Nowson, CA 
2017a, 'A novel processed food classification system applied to Australian food 
composition databases', J Hum Nutr Diet. doi: 10.1111/jhn.12445 
URL: http://onlinelibrary.wiley.com/doi/10.1111/jhn.12445/full 
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2.2 Abstract 
 
Background: The extent of food processing can affect the nutritional quality of 
foodstuffs. Categorising foods by the level of processing emphasises the 
differences in nutritional quality between foods within the same food group and is 
likely useful for determining dietary processed food consumption. The present 
study aimed to categorise foods within Australian food composition databases 
according to the level of food processing using a processed food classification 
system, as well as assess the variation in the levels of processing within food 
groups. 
Methods: A processed foods classification system was applied to food and 
beverage items contained within Australian Food and Nutrient (AUSNUT) 2007 
(n = 3874) and AUSNUT 2011–13 (n = 5740). The proportion of Minimally 
Processed (MP), Processed Culinary Ingredients (PCI) Processed (P) and Ultra 
Processed (ULP) by AUSNUT food group and the overall proportion of the four 
processed food categories across AUSNUT 2007 and AUSNUT 2011–13 were 
calculated. 
Results: Across the food composition databases, the overall proportions of foods 
classified as MP, PCI, P and ULP were 27%, 3%, 26% and 44% for AUSNUT 
2007 and 38%, 2%, 24% and 36% for AUSNUT 2011–13. Although there was 
wide variation in the classifications of food processing 
within the food groups, approximately one-third of foodstuffs were classified as 
ULP food items across both the 2007 and 2011–13 AUSNUT databases. 
Conclusions: This Australian processed food classification system will allow 
researchers to easily quantify the contribution of processed foods within the 
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Australian food supply to assist in assessing the nutritional quality of the dietary 
intake of population groups. 
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2.3 Introduction 
 
There is increasing concern from a health perspective that the consumption of 
large amounts of industrially processed foods is driving the increase in the 
prevalence of diet-related chronic diseases, in particular obesity (Canella et al. 
2014; Malik et al. 2006), type 2 diabetes (Malik et al. 2010) and cardiovascular 
disease (Tavares et al. 2012). Food processing can be beneficial in that it aids 
consumption, improves palatability and taste, increases shelf-life, enhances 
transportability, and ensures that food quality meets human nutrient needs 
(Stuckler and Nestle, 2012). However, the advancement of various industrial food 
processing techniques has also resulted in the production of foodstuffs that are 
made from extracted foods, formed by chemical synthesis (Monteiro et al. 2013; 
Moodie et al. 2013). These foodstuffs are often made from cheap ingredients and 
additives, typically low in nutritional quality, high in energy density, nutritionally 
deplete, convenient and highly palatable (Monteiro et al. 2013; Stuckler and 
Nestle 2012). Traditionally, food and beverages have been grouped into either 
processed or unprocessed food categories where natural, whole or unrefined foods 
are considered unprocessed, and foodstuffs that have undergone manufacturing 
methods are often arbitrarily defined as processed foods (Monteiro et al. 2013). 
However, with the preponderance of processed foods on the market (Moodie et al. 
2013), the typical dichotimisation of processed foods is inadequate to evaluate the 
nutritional quality of these types of foods. A number of systems for classifying 
processed foods have been proposed (Chajes et al. 2011; Monteiro et al. 2010; 
Hall 2000; Scrinis, 2013; Slimani et al. 2009). Of these, the NOVA system 
(Moubarac et al. 2014) is the most studied classification system and was 
developed in response to the increasing dominance of industrially processed 
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foodstuffs in the global food supply (Monteiro et al. 2013; Moodie et al. 2013). 
The NOVA system distinguishes homemade or freshly prepared dishes from 
manufactured products and thereby categorises foodstuffs into four groups: 
minimally processed foods (MP), processed culinary ingredients (PCI), processed 
foods (P) or ultra-processed foods (ULP), in accordance with the level and type of 
industrial processing (Moubarac et al. 2014). The NOVA classification system 
has been used in a number of countries (Juul and Hemmingsson 2015; Moubarac 
et al. 2013; Solberg et al. 2016) and has demonstrated associations between food 
processing and obesity prevalence (Canella et al. 2014), as well as levels of food 
processing and the development of adverse lipid profiles (Rauber et al. 2015). As 
a result of the evidence of the adverse health impact of food processing, the 2014 
Brazilian Dietary Guidelines have incorporated advice to limit the consumption of 
processed foods (Ministry of Health Brazil 2014). 
Despite the growing body of evidence reporting the association of ULP foods 
with chronic disease, the significance of industrial food processing is often 
ignored or overlooked when assessing the nutritional quality of individual and 
population diets. In addition, a classification system to facilitate the identification 
of the level of processing of individual foods has not been included in food 
composition databases (Monteiro et al. 2010). This means that, within most 
existing food group classification systems, foods varying in nutritional quality 
may be grouped together within the same food category. For example, in the 
Australian food group classification system, breads, biscuits and breakfast cereal 
bars are classified within the same major food group (Cereals and Cereal products 
at the two-digit food grouping classification level) (Food Standards Australia and 
New Zealand 2007a and Food Standards Australia and New Zealand 2011–13). 
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However, categorising foods by their level of processing emphasises the 
differences in nutritional quality between foods within the same food group; 
breads classified as either MP or P, whereas biscuits and breakfast cereal bars 
would fall into either the P or the ULP food categories. This classification system 
may be useful for monitoring dietary processed food consumption within the 
population. Using two Australian food composition databases derived from 
national dietary surveys conducted in 2007 (Food Standards Australia and New 
Zealand 2007a) and 2011– 13 (Food Standards Australia and New Zealand, 2011- 
12), the present study aimed to: (i) categorise individual foods based on the level 
of food processing using the NOVA classification system (13) and (ii) calculate 
and assess the proportion of MP, PCI, P and ULP food products across the 
Australian Food and Nutrient (AUSNUT) databases. This categorisation will 
allow for the future assessment of the links between processed food intake and 
health in Australia. 
2.4 Materials and methods 
 
The NOVA processed food classification system 
 
The NOVA system classifies foods and ingredients according to the intention of 
use and degree of industrial food processing rather than in terms of nutrients and 
food types (Moubarac et al. 2014). Criteria for classifying foods into four groups 
according to the type and intensity of technological intervention are described 
Table 2.1. Briefly, the minimally processed (MP) food category includes both 
unprocessed foods that are of plant or animal origin and are consumed shortly 
after harvesting and foods that have been modified by removing parts of the food, 
without the addition of any other substance. The processed culinary ingredient 
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category (PCI) comprise foodstuffs extracted and refined from constituents of 
foods, whereas processed foods (P) are derived from whole foods and are 
manufactured to be consumed as part of meals or dishes. The ultra-processed food 
(ULP) category involves a reduction in food quality as a result of the removal of 
beneficial food components, the transformation and degradation of foods and 
ingredients or the concentration of certain food components (Moubarac et al. 
2014). 
 
Table 2.1: The NOVA processed food classification system (Monteiro et al. 2016; 
Food and Agriculture Organization of the United Nations 2015) 
 
Food group and definition Examples 
1 Minimally processed (MP) and 
unprocessed foods 
 
Foods of plant origin (leaves, stems, 
roots, tubers, fruits, nuts, seeds), or 
animal origin (meat, other flesh, tissue 
and organs, eggs, milk) distributed 
shortly after harvesting, gathering, 
slaughter, or husbanding. Minimally 
processed foods are unprocessed foods 
altered in ways that do not add or 
introduce any substance but may 
involve removing parts of the food. 
Minimal processes include cleaning, 
scrubbing, washing; winnowing, 
hulling, peeling, grinding, crushing, 
grating, roasting, boiling, squeezing, 
flaking; skinning, boning, carving, 
portioning, scaling, filleting; pressing, 
drying, skimming, pasteurizing, 
Fresh, squeezed, chilled, frozen or 
dried fruits, leafy and root vegetables; 
grains (cereals), brown, parboiled, or 
white rice; corn cob or kernel, wheat 
berry or grains; fresh, frozen, and 
dried beans and other legumes 
(pulses), including lentils, chickpeas; 
starchy roots and tubers such as 
potatoes and cassava; fungi such as 
fresh or dried mushrooms; freshly 
prepared or pasteurized non- 
reconstituted fruit and vegetable juices 
without added sugars, sweeteners or 
flavours; grits, flakes or flour made 
from corn, wheat, oats or cassava 
unsalted, raw/dry roasted, ground nuts 
and seeds without added sugars; 
73 
Chapter 2: A novel processed food classification system 
 
 
 
 
sterilizing; chilling, refrigerating, 
freezing, fractioning, filtering, sealing, 
bottling, simple wrapping, vacuum- 
and gas-packing. None of these 
processes add substances such as salt, 
sugar, oils or fats to the original foods. 
Malting, which adds water, is a 
minimal process, as is fermenting, 
which adds living organisms, when it 
does not generate alcohol. Also 
included are foods made from two or 
more items in this group i.e. granola 
made from cereals, nuts and dried 
fruits with no added sugar; and foods 
with added vitamins and mineral such 
as wheat or corn flour fortified with 
iron or folic acid. 
 
spices such as pepper, cloves and 
cinnamon; fresh or dried herbs such as 
thyme, mint; fresh, chilled, frozen 
meats, poultry, fish, and seafood 
whole or in the form of steaks, fillets 
and other cuts; dried, fresh, 
pasteurized full fat, low-fat, skimmed 
milk, and fermented milk such as 
plain yogurt without added sugar or 
artificial sweeteners; eggs; pasta, 
couscous and polenta made from flour 
and water; teas, coffee, herbal 
infusions; tap, filtered, spring, mineral 
water. 
 
2 Processed culinary ingredients 
(PCI) 
Substances extracted and purified by 
industry from food constituents or 
obtained from nature. Preservatives, 
stabilizing or “purifying”agents, and 
other additives may be used. Processes 
include pressing, refining, grinding, 
milling and spray drying. Group 2 
products are rarely consumed in the 
absence of group 1 foods. Also 
included are: products consisting of 
two group i.e. salted butter; group 2 
items with added vitamins or minerals 
i.e. iodised salt. 
Plant oils; animal fats; starches from 
corn or other plants; sugars and 
molasses made from cane or beet; 
maple syrup, honey; butter and lard 
obtained from milk and pork; salt. 
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3 Processed (P) foods  
Manufactured by adding salt or sugar 
(or other culinary ingredient such as 
oil or vinegar) to foods to make them 
more durable or modify their 
palatability. Directly derived from 
foods and recognizable as versions of 
the original foods. Most processed 
foods have two or three ingredients. 
Generally produced to be consumed as 
part of meals or dishes. Processes 
include canning and bottling, non- 
alcoholic fermentation, and methods 
of preservation such as salting, salt 
pickling, and curing. 
Canned or bottled vegetables and 
legumes (pulses) preserved in brine or 
pickled; peeled or sliced fruits 
preserved in syrup; tinned whole or 
pieces of fish preserved in oil; salted 
or sugared nuts or seeds; non- 
reconstituted salted or cured processed 
meat and fish such as ham, bacon, and 
dried fish; cheeses made from milk, 
salt, and ferments; and unpackaged 
freshly made breads made from flours, 
water, salt, and ferments; beer, cider, 
wine. 
4 Ultra processed (ULP) foods  
Formulated mostly or entirely from 
substances derived from foods or other 
organic sources. Typically, they 
contain little or no whole foods. They 
are durable, convenient, packaged, 
branded, accessible, highly or ultra- 
palatable. Typically not recognizable 
as versions of foods, although may 
imitate the appearance, shape, and 
sensory qualities of foods. Many 
ingredients are not available in retail 
outlets. Some ingredients are directly 
derived from foods, such as oils, fats, 
starches, sugars, and others are 
obtained by further processing of food 
constituents such as hydrogenated oils, 
Chips (crisps) and many other types of 
sweet, fatty, or salty packaged snack 
products; ice-cream, chocolates, candy 
(confectionery); French fries (chips), 
burgers and hot dogs; poultry and fish 
nuggets or sticks (fingers); mass- 
produced packaged breads, buns, 
cookies (biscuits);  sweetened 
breakfast cereals; pastries, cakes, cake 
mixes; energy bars; preserves (jams), 
margarines and spreads; packaged 
desserts; canned, bottled, dehydrated, 
packaged soups, powdered and 
packaged ‘instant’ soups, noodles, 
sauces and desserts; meat, chicken and 
yeast extracts; carbonated drinks, 
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hydrolysed proteins, high fructose 
corn syrup, maltodextrin or 
synthesized from other organic 
sources such as casein, lactose, whey 
and gluten. Numerically the majority 
of ingredients are preservatives and 
other additives such as stabilizers, 
emulsifiers, solvents, binders, bulkers, 
sweeteners, sensory enhancers, 
colours and flavours, and processing 
aids. Bulk may come from added air 
or water. Micronutrients may “fortify” 
the products. Most are designed to be 
consumed by themselves or in 
combination as snacks, or to replace 
freshly prepared dishes and meals 
based on unprocessed or minimally 
processed foods. Processes include 
hydrogenation, hydrolysis, extruding, 
moulding, reshaping, pre-processing 
by frying, baking. Included also are 
products made solely of group 1 or 
group 3 foods which also contain 
additives i.e. plain yoghurt with added 
artificial sweeteners and breads with 
added emulsifiers. 
energy drinks; sugar-sweetened milk 
drinks including fruit yogurts; fruit 
and fruit nectar drinks; no-alcohol 
wine, beer; pre-prepared meat, fish, 
vegetable, cheese, pizza, pasta dishes; 
infant formulas, follow-on milks, 
other baby products; ”health” and 
“slimming” products such as 
powdered or ”fortified” meal and dish 
substitutes; whisky, rum, gin, vodka. 
 
 
The Australian Food and Nutrient databases 
 
AUSNUT 2007 was the specific nutrient database developed by Food Standards 
Australia and New Zealand (Food Standards Australia and New Zealand 2007a) 
for estimating nutrient intakes from foods, beverages and dietary supplements 
consumed as part of the 2007 National Children’s Nutrition and Physical Activity 
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Survey (CNPAS) (included children aged 2–16 years) (Department of Health and 
Ageing et al. 2008 ). The AUSNUT 2011–13 version was the FSANZ nutrient 
database (Food Standards Australia and New Zealand 2011–13) developed to 
enable food, dietary, supplement and nutrient intake estimates to be made from 
the 2011–13 Australian Health Survey (AHS) and this included, for the first time, 
a national dietary survey of National Aboriginal and Torres Strait Islanders 
(Australian Bureau of Statistics 2014). The foods in both databases reflect the 
foods and beverages reported as being consumed at the time of the survey. Both 
AUSNUT databases were generated using Australian derived analytical nutrient 
content data and from data; calculated using a recipe approach; supplied by the 
food industry; from existing food labels and international food composition tables 
(Food Standards Australia and New Zealand 2007a and Food Standards Australia 
and New Zealand 2011–13) The NOVA processed food classification system was 
applied to 3874 food and beverage items in AUSNUT 2007 (Food Standards 
Australia and New Zealand 2007) and 5740 foods and beverages in AUSNUT 
2011–13 (Food Standards Australia and New Zealand 2011–13). 
Australian Food and Nutrient food group classification system 
 
The AUSNUT classification system groups foods according to a major (two- 
digit), sub-major (three-digit) or minor (five-digit) food group. The five-digit 
group then forms the basis of the survey ID (eight-digit) assigned to each food, 
beverage or ingredient (Table 2.2) (Food Standards Australia and New Zealand 
2007a and Food Standards Australia and New Zealand 2011–13). The first two 
numbers refer to the major food group to which a food belongs, based on a key 
ingredient (e.g. cereals, fats and oils, fish, vegetables, fruits, meat and poultry). 
The three-digit sub-major food group falls within the two-digit major food group 
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and includes plant families, different types of breakfast cereals or breads and meat 
species. The five-digit food code represents the minor food group by which foods 
are divided based on nutritional or manufacturing factors such as whether they 
contain saturated fat above or below a nominated value, are fortified, or are 
produced in a particular way (e.g. canned or dried). The AUSNUT 2007 Food File 
(Food Standards Australia and New Zealand 2007a) and the AUSNUT 2011– 13 
Food Details File (Food Standards Australia and New Zealand 2011–13) provides 
a complete list of each food group classification system. For the most part, the 
foods and beverages included in AUSNUT 2007 and AUSNUT 2011–13 are 
similar. However, because of changes in the food supply, there have been some 
modifications to the eight-digit food items across each release. For example, 
AUSNUT 2011–13 contains a number of new eight-digit food items (n = 76); for 
example, mixed seafood wild harvested; wild harvested fruit; wild caught dugong 
(marine mammal); avocado or guacamole dip (Food Standards Australia and New 
Zealand 2011–13). Of these new eight-digit food items, a number (n = 31) were 
included to reflect the foods eaten by indigenous communities that were surveyed 
for the first time as part of the Australian national dietary survey (Australian 
Bureau of Statistics 2014). In addition, two food groups described as soup 
prepared, ready to eat, and canned condensed soup unprepared, which were 
included in AUSNUT 2007 (Food Standards Australia and New Zealand 2007a), 
were divided into four food groups (canned soup prepared from dry soup mix; 
canned condensed soup; soup commercially sterile prepared from condensed or 
sold ready to eat; soup not commercially sterile purchased ready to eat) and were 
included in the AUSNUT 2011–13 database (Food Standards Australia and New 
Zealand 2011–13). 
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Table 2.2: An example of the AUSNUT food group classification (Food 
Standards Australia and New Zealand 2007b and Food Standards 
Australia and New Zealand 2011–13) 
 
 
Major food 
category 
Sub-major 
food category 
Minor food 
category 
Survey ID 
2-digit food 
code 
3-digit food code 5-digit food code 8-digit food code 
12 122 12201 12201013 
Cereal and 
Cereal 
  Products  
Regular bread 
and bread rolls 
White bread and 
bread rolls 
Bread roll from 
white flour 
 
 
Data coding and analysis 
 
To classify all food and beverage items, two registered nutritionists independently 
applied the NOVA classification system (Moubarac et al. 2014) to each eight- 
digit food item representing individual food and beverage items contained within 
AUSNUT 2007 (n = 3874) (19) and AUSNUT 2011–13 (n = 5740) (20) (see 
Appendix B). Classification discrepancies on how individual food and 
beverage items were categorised (n = 10) between the two assessors were 
discussed and a processed food classification agreed upon (according to the 
NOVA system) (Moubarac et al. 2014) using four steps: (i) the foodstuffs 
were disaggregated into their ingredients; (ii) each ingredient was classified 
into one of the four processed food groups; (iii) the level of processing 
assessed; and (iv) the foodstuff classified as either MP, PCI, P or ULP. In 
some instances where the classification of a foodstuff was not clear (n = 3; 
pizza homemade from a commercial pizza base; bread from white flour 
homemade from bread mix; sausages), the research group (which consisted 
of dietitians and a registered nutritionist) applied the four steps described 
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and a consensus was agreed by the group 
 
Accordingly, these three food items were classified as processed (P). Within the 
AUSNUT databases, items described as ‘commercial’ (e.g. chocolate chip 
muffin) were considered as ‘mass manufactured’ items (as described in NOVA) 
(Moubarac et al. 2014) and were categorised accordingly. Where items were 
described as either ‘homemade’ (e.g. crepe or pancake), not described as 
‘homemade’ or ‘commercially prepared’ (e.g. coffee white from instant coffee 
powder, made up with cow’s milk) or described as ‘commercial or homemade’ 
(e.g. sliced bread made from wholemeal, wheaten bread-making flour used to 
make homemade sandwiches), the foodstuffs were categorised using the four 
steps described above. At the eight-digit food item level, the proportion of MP, 
PCI, P and ULP by AUSNUT food group and the overall proportion of the four 
processed food categories across AUSNUT 2007 and AUSNUT 2011–13 were 
calculated. Analysis was performed using EXCEL 2013 (Microsoft Corp., 
Redmond, WA, USA). 
2.5 Results 
 
The proportions of foods classified as MP, PCI, P and ULP at the eight-digit food 
item within AUSNUT 2007 (n = 3874) and AUSNUT 2011–13 (n = 5740) are 
shown in Figure. 2.1. The proportions of eight-digit food items classified as ULP 
were 44% and 36% from AUSNUT 2007 and 2011–13, respectively. Examples of 
these types of foods include sugar sweetened beverages, biscuits, margarines, 
processed meats, frozen and flavoured milk and milk substitute products, soups, 
extruded snack foods, jams and other sweet spreads, and chocolate and 
confectionery. There appeared to be differences in the proportion of foods 
classified as ULP in various eight-digit food items between 2007 and 2011–13. 
Between AUSNUT 2007 and 2011–13, there appeared to be a difference in the 
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proportion of foods classified as MP (i.e. fruit juices, herbs, fresh milk) in 
various eight-digit food items. The proportions of eight-digit food items 
classified as PCI (i.e. honey, butter) and P (i.e. ham, salted nuts, canned fish) 
remained approximately the same in each food composition database release. 
Figure 2.1: The proportions of foods classified as Minimally Processed (MP), 
Processed (P), Processed Culinary Ingredient (PCI) and Ultra-processed 
(ULP) at the 8-digit food item within AUSNUT 2007 (n = 3874) (Food 
Standards Australia and New Zealand 2007a) and AUSNUT 2011–13 (n = 
5740) (Food Standards Australia and New Zealand 2011–13). 
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2.6 Discussion 
 
Application of the NOVA processed food classification system to the Australian 
food databases has provided unique insight into the contribution of processed 
foods in the Australian food supply, as well as information on the variation across 
the AUSNUT food group classification. Importantly, our results highlight that the 
overall proportion of ULP food items within the Australian food supply was more 
than one-third of all foodstuffs across both the AUSNUT 2007 and AUSNUT 
2011–13 databases. Although the proportion of foods classified as MP appeared 
to have increased overall by 11% from 2007 to 2011–2013, this is likely to have 
occurred as a result of inclusion of some new food groups consumed by 
indigenous communities, which were classified as MP (e.g. wild caught fish and 
seafood, wild harvested fruit). Increases in the number food and beverage items 
also contributed to the rise in MP included in 2011–13 (e.g. an additional 38 items 
within the coffee and coffee substitute beverage group, such as coffee flat white or 
latte from ground coffee beans, double shot with regular fat cow’s milk) and 83% 
of these foods were classified as MP. 
When the overall proportions of ULP foods were compared, there appeared to be 
an 8% reduction in the proportion of food items classified as ULP between 
AUSNUT 2011–13 and AUSNUT 2007. This apparent proportional decrease is 
likely attributable to the increase in the total number of food and beverages 
included in the AUSNUT 2011–13 database (n = 5740) compared to AUSNUT 
2007 (n = 3874) and this variation likely reflects the different purposes of each 
database. The 2007 database was designed to classify foods consumed by children 
aged 2–16 years (Department of Health and Ageing et al. 2008), whereas the 
2011–13 database was intended for nutrient estimates to be made from foodstuffs 
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consumed by adults, children and indigenous groups during the 2011–13 AHS 
(Australian Bureau of Statistics 2014). As such, it would be expected that there 
would be a greater number of food items in the 2011–13 database devised for 
adults and children’s diets. Compared to MP foods, many ULP foods are energy 
dense, as well as high in refined sugars, sodium, saturated fat and trans- fat, and 
many have a high glycaemic load (Monteiro et al. 2013; Moubarac et al. 2014). 
Epidemiological evidence has described the role of specific ULP foods such as 
sugar-sweetened beverages in the aetiology of obesity and type 2 diabetes in 
adults (Hu and Malik 2010; Malik and Hu 2012; Malik et al. 2006) and children 
(Malik et al. 2006; Moubarac et al. 2013), as well as a positive association 
between the consumption of ULP snack foods and cardiovascular risk in young 
children (Rauber et al. 2015). In addition, ULP foods such as potato chips, 
processed meats, refined grains and French fries have been shown to be strongly 
and positively associated with weight gain in adults in a large American 
prospective study (Mozaffarian et al. 2011). Other ULP foods such as white 
bread, processed meats, margarine and soft drinks have been positively associated 
with abdominal adiposity in a large European prospective study of adults 
(Romaguera et al. 2011). The present study provides an important processed food 
classification system in Australia that will enable researchers to readily evaluate 
the dietary intake of population groups with respect to food processing. For 
example, in a previous study, we applied the NOVA system to determine the 
contribution of the level of processing to daily sodium intake in a sample of 
Australian preschool children and found that ULP foods accounted for 48% of 
total daily sodium intake compared to either P foods (35%) or MP foods (16%) 
(O'Halloran et al. 2016a). These data provided important information on 
processed food dietary patterns, particularly the contribution of high sodium ULP 
foods in young Australian children’s diets. 
83 
Chapter 2: A novel processed food classification system 
 
 
 
The NOVA system has previously been applied to assess consumption (Juul and 
Hemmingsson 2015; Louzada et al. 2015; Malik and Hu 2012) and purchasing 
(Martins et al. 2013; Moubarac et al. 2013; Solberg et al. 2016) of ULP foods. For 
example, in a large longitudinal Swedish study, the consumption of ULP 
increased by 142% over a 50-year period (Juul and Hemmingsson 2015). In 
Norway, ULP products accounted for 60% of food purchases compared to 17% of 
MP products during 2013 (Solberg et al. 2016). Furthermore, in Brazil, a cross 
sectional study, showed that ULP foods represented 30% of total energy intake in 
individuals aged >10 years (Louzada et al. 2015), whereas retrospective data have 
shown significant decreases in the energy contribution of MP foods subsequent to 
the 1980s and during the 2000s (Martins et al. 2013). More recently, a cross- 
sectional study utilising the American 2009–2010 National Health and Nutrition 
Examination Survey (NHANES) revealed that ULP foods comprised 
approximately 58% of daily energy intake and contributed approximately 90% of 
all added sugars (Martinez Steele et al. 2016). The Food and Agriculture 
Organization of the United Nations has included the NOVA system in their 
guidelines on documenting and classifying food processing from food surveys 
(Food and Agriculture Organization of the United Nations 2015). The NOVA 
system has also been incorporated into the latest Brazilian Dietary Guidelines, 
where MP foods are recommended and ULP foods are discouraged, aiming to 
prevent nutritional deficiencies and reduce the risk of obesity, cardiovascular 
disease and type 2 diabetes (Ministry of Health Brazil 2014). This integration of a 
processed food classification system into Brazil’s national dietary guidelines is 
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unique and recognises the complexity of the food system, as well as the recent 
changes in population dietary patterns, and also emphasises the importance of 
food processing within the food supply. Furthermore, based on the NOVA 
system, a recent World Health Organization report has described the global shifts 
in sales of ULP food and drink products over the past decade, and explored the 
connection between the increase in purchasing of ULP foods and the obesity 
epidemic in Latin America (Pan American Health Organization 2015). Given the 
emerging relationship between the consumption of ULP foods and the risk of 
chronic disease, our processed food classification will be useful for enabling 
dietary assessment on the basis of the level of processing to further extend 
knowledge on the diet quality and dietary patterns amongst Australian adults and 
children. In addition, rather than defining and categorising food quality in terms 
of nutrient profiles, primary production and processing could be the foundation 
for nutrition education campaigns or alternative dietary guidelines. This system 
could be used to determine Australian household processed food purchases and to 
examine the availability of the different levels of processed foods across 
Australian grocery stores and food outlets, providing new opportunities to 
understand determinants of dietary behaviours (Brug 2008; Thornton et al. 2013). 
There are some limitations of the present study to be noted. It is acknowledged 
that the 2007 and 2011–13 databases may not provide a true representation of the 
Australian food supply because it is possible that some food items available in 
Australia were not captured during the dietary surveys and therefore were not 
represented in the database. Although the NOVA classification system (Moubarac 
et al. 2014) provides some guidance, there were instances where the processed 
food group classification was not clear cut. For example, according to the NOVA 
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system, pizza and mass-manufactured bread were classified as ULP foods. 
However, we classified a homemade pizza made using a commercially produced 
pizza base and homemade bread made from a commercial bread mix as P because 
both items were prepared in the home and had not undergone an intense, 
industrial level of processing. Because classifications were made on the basis of 
processing, there were some instances where an ULP classification did not 
correspond with Australian food based dietary guidelines. For example, margarine 
is classified as an ULP food and is therefore grouped with foods of the lowest 
nutritional quality. However, according to the Australian Dietary Guidelines 
(National Health and Medical Research Council 2013) and the Australian Heart 
Foundation (Australian Heart Foundation 2007), the consumption of 
polyunsaturated and monounsaturated based margarines is recommended to 
reduce the risk of cardiovascular disease (Maki et al. 2001). Additionally, some 
breads and pastas, which are recommended as good sources of grains (National 
Health and Medical Research Council 2013), were also categorised as ULP. 
However, we consider these few specific discrepancies with respect to the 
classification of these foods of high nutritional quality as ULP is minor and 
unlikely to significantly affect the use and application of this system. If required, 
researchers could relatively easily classify all of these foods into a further fifth 
processed food product category and utilise a five-category classification to assess 
dietary quality of the population. In conclusion, by applying the NOVA processed 
food classification system to Australian food databases, we were able to identify 
the proportion of ULP foods within the Australian food supply. This classification 
system provides a useful tool for describing dietary patterns, assisting researchers 
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and informing public health policy in the development of dietary guidelines 
relating to recommended levels of processed food consumption. 
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Chapter Three: Sources and sodium intake in a 
sample of Australian preschool children 
3.1 Preface 
 
Understanding the preschool children’s sodium intakes and which foods provide 
sodium in their diets is important for informing dietary interventions. 
This chapter was published as a peer reviewed paper in BMJ Open: 
 
O'Halloran, SA, Grimes, CA, Lacy, KE, Nowson, CA, Campbell, KJ 2016a, 
'Dietary sources and sodium intake in a sample of Australian preschool children', 
BMJ Open, vol. 6, no. 2, p. e008698. 
URL: http://bmjopen.bmj.com/content/6/2/e008698 
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3.2 Abstract 
 
Objectives: To assess dietary sodium intake and the food sources of sodium in a 
sample of Australian preschool children. 
Design: Cross sectional. 
 
Setting: Mothers were followed up when children were approximately 3.5 years 
of age after participating in a cluster randomised controlled trial: the Melbourne 
Infant Feeding Activity and Nutrition Trial (InFANT) Program. 
Participants: Two hundred and fifty one Australian children aged 3.5 ± 0.19 (SD) 
years. 
Primary and secondary outcome measures: The average daily sodium intake was 
determined using three unscheduled 24-hr dietary recalls. The contributions of 
food groups, core, discretionary and processed foods to daily sodium intake were 
assessed. 
Results: The average sodium intake was 1508 ± 495 (SD) mg/d, (salt equivalent 
 
3.9 ± 1.3 (SD) g/d) and 87% of children exceeded the Australian Upper Level of 
Intake (UL) for sodium of 1000 mg/d (salt equivalent 2.6g/d). Main food sources 
of sodium were cereal/cereal products (25%), milk products (19%), meat, 
poultry/game (17%) and cereal based products (15%). Core foods contributed 
65% and discretionary foods 35% of total daily sodium intake and within the total 
diet minimally processed, processed, processed culinary ingredient and ultra- 
processed foods contributed 16%, 35%, 1% and 48% of sodium respectively. 
Conclusion: Within this sample, most children exceeded the recommended UL 
for sodium. Core and ultra-processed foods were key sources of sodium which 
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suggests that reductions in the sodium content of these foods are required to 
reduce sodium intake in young children. These data also provide further support 
for public health campaigns that seek to reduce consumption of energy dense, 
nutrient poor foods. 
Strengths and limitations of this study 
 
Strengths: 
 
• Three non-consecutive days of dietary data were collected including one 
weekend day. 
• Detailed dietary data allowed food sources of sodium to be described. 
 
• The assessment of the contribution of the level of processing to daily 
sodium intake provided novel evidence affirming the need for a 
comprehensive sodium reduction strategy for Australian children. 
Limitations: 
 
• Dietary data likely underestimated total sodium consumed as the amount 
of salt added at the table was not assessed. 
• The over representation of higher socioeconomic status (SES) families has 
implications for generalisability. 
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3.3 Introduction 
 
Raised blood pressure is a major cause of cardiovascular disease (CVD) 
(Lewington et al. 2002). There is clear evidence for the causal relationship 
between increased dietary sodium intake and increased blood pressure (BP) in 
adults (INTERSALT Cooperative Group 1988). In addition there is growing 
evidence that salt plays a key role in regulating BP in children (Aburto et al. 
2013b; He and MacGregor 2006) and as with adults, BP increases with increased 
salt intakes (Cooper et al. 1980; He et al. 2008; Yang et al. 2012). To reduce the 
risks associated with CVD, the World Health Organization (WHO) recommends 
adults consume less than 2 g/d of sodium (salt equivalent 5 g/d) (World Health 
Organization 2012a) 
Global data available on sodium intakes in young children are mainly limited to 
Europe and North America and show sodium intakes in children between the ages 
of 1-to-6 years were commonly > 1000 mg/d (salt equivalent 2.6 g/d) (Brown et 
al. 2009). The most recent Australian Health Survey (AHS) 2011/13 shows that 
dietary sodium intakes for children aged 2–3 year olds were high, 1484 mg/d of 
sodium (salt equivalent 3.8 g/d) and exceeded the recommended daily Upper 
Level of Intake (UL) recommendation of 1000 mg/d for 1–3 year olds by 
approximately 50% (Australian Bureau of Statistics 2014). 
In addition to dietary sodium recommendations, The Australian Guide to Healthy 
Eating (AGHE) provides guidance for Australians to choose a healthy diet and 
describes five food groups, which are considered ‘core’ foods (National Health 
and Medical Research Council 2013). The AGHE advises that a varied diet, 
which includes foods from these five food groups, should be consumed in order to 
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meet nutrient requirements (National Health and Medical Research Council 
2013). ‘Discretionary’ foods are defined by the AGHE as foods and beverages, 
which are often energy dense and/or high in saturated fats, sugar or salt. AGHE 
recommends that the consumption of discretionary foods should be limited in 
order to reduce the risk of chronic disease such as CVD and high BP (National 
Health and Medical Research Council 2013). 
It has been estimated that in the diets of individuals from developed countries, 
approximately 75% of dietary sodium is derived from salt added during the 
manufacture of foods (James et al. 1987) and many of these types of foods are 
core foods such as breads, cereals and cheese (Webster et al. 2010). Furthermore 
the AGHE dichotomisation of foods into core and discretionary foods does not 
explicitly refer to the level of food processing (National Health and Medical 
Research Council 2013). Classifying foods based on the level of processing is 
important, as most purchased foods undergo different levels of processing such as 
peeling, chopping, extraction or refinement. Using a processed food classification 
system to group foods based on the type and level of manufacturing method 
allows for the distinction between foods that may differ by sodium content 
(Moubarac et al. 2014). It is therefore relevant to assess both the relative 
contribution of core and discretionary foods to total sodium intake, and the 
contribution of the level of processing to daily sodium intake, particularly in 
children. 
The aim of this study was to assess dietary sodium intake and the food sources of 
sodium in a sample of Australian preschool children and to assess the contribution 
from core and discretionary foods and level of food processing to daily sodium 
intake. 
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3.4 Methods 
 
Study design and participants 
 
The study population was children participating in the Melbourne Infant Feeding 
Activity and Nutrition Trial (InFANT) Program. The study design for InFANT 
has been reported previously (Campbell et al. 2013). Briefly, InFANT was a 
cluster randomised controlled trial involving first-time parents attending parents’ 
groups when their children were 3 months to 20 months of age. InFANT was 
conducted in 2008–2010 in 14 local government areas (LGAs) situated within the 
major metropolitan city of Melbourne, Australia (Campbell et al. 2013). 
Individual parents were eligible to participate if they gave informed written 
consent, were first-time parents and were able to communicate in English. Each 
parent-child dyad represented one parent and their first born (Campbell et al. 
2013). Parent groups were eligible if ≥ 8 parents enrolled or ≥ 6 parents enrolled 
in areas of low socioeconomic position (SEP). Fifty percent of eligible first-time 
parents’ groups within each LGA were randomly selected (62/103 groups) and 
approached by research staff for recruitment. When first-time parents’ groups 
declined to participate, another randomly selected group was approached 
(Campbell et al. 2013). The final recruitment of 62 parent group clusters resulted 
in a sample of 542 children (Campbell et al. 2013) and groups were randomised 
after recruitment in order to minimise selection bias. Parents were not blinded to 
allocation (Campbell et al. 2013). 
The intervention group received anticipatory guidance on the promotion of 
healthy eating and physical activity whereas the control group received 
information only on child health and development. The original InFANT cohort 
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was followed up when children were approximately 3.5 years of age (Campbell et 
al. 2013). The present study uses data from this subset of children who completed 
the follow up data collection. At follow up there were no differences in sodium 
intakes between the intervention and control groups and thus the analysis included 
all participants. InFANT was approved by the Deakin University Human Ethics 
Research Ethics Committee (ID number: EC 175-20078) and the Victorian 
Government Department of Human Services, Office for Children, Research 
Coordinating Committee (Ref: CDF/07/1138). 
24-hr dietary recall and food sources 
 
 
Dietary intake was assessed by trained nutritionists by telephone-administered 
multi-pass 24-hr recall with the child’s parent, where all food and beverages 
consumed midnight to midnight on the day before the interview were recalled 
(Blanton et al. 2006). To limit bias, data were collected over three days including 
one weekend day and where possible, call days were unscheduled (96% of calls) 
(Campbell et al. 2014). Recalls were non-consecutive (Campbell et al. 2013) and 
the mean number of days between the first and last recall was 15.5 days (SD 18.3 
days). Study-specific food measurement booklets aided parent’s estimation of 
children’s food consumption (Campbell et al. 2013). Sodium intake was 
calculated using the Australian nutrient composition database AUSNUT 2007 
(Food Standards Australia and New Zealand 2007a). All recorded foodstuffs and 
drinks were matched to an eight-digit food code, which was linked to a set of 
nutrient data. All 8-digit food codes are comprised of a five-digit food code that 
represented ‘minor’ food categories. Each minor food category fell under a three- 
digit sub-major food category, which then fell within a two-digit major food 
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category. For example, the eight-digit code for “bread roll from white flour” fell 
within the five-digit code for “white breads and bread rolls”, which was within 
the three-digit code for “regular breads and bread rolls”, which fell within the 
two-digit code for “cereal and cereal products”. A detailed list of the food group 
classification system can be found in AUSNUT 2007 (Food Standards Australian 
New Zealand, 2007b) 
Sodium intake recommendations 
 
Children’s sodium intake was compared to the National Health and Medical 
Research Council (NH&MRC) UL for sodium of 1000 mg/d (salt equivalent 2.6 
g/d) for children aged 1–3 years (National Health and Medical Research Council 
2006). The UL is defined as the highest average daily intake which is likely to 
pose no adverse health effects (National Health and Medical Research Council 
2006). 
Other measures 
 
Self-administered paper-based questionnaires were provided to parents at 
recruitment. These were used to collect demographic and socioeconomic data at 
baseline when children were three months of age. Maternal education was 
dichotomised as low (secondary school or trade qualifications or less) or high 
(college or university or more) (Campbell et al. 2014). 
Definition of core and discretionary foods 
 
The AGHE was used to classify foods and beverages as core or discretionary 
foods. The AGHE describes five food groups: i) grain (cereal) foods; ii) 
vegetables and legumes/beans; iii) fruit; iv) milk, yoghurt, cheese and/or 
alternatives; and v) lean meats and poultry, fish, eggs, tofu, nuts and seeds and 
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legumes/beans (National Health and Medical Research Council 2013). In this 
study these foods have been described as core foods. Foods and beverages, which 
are energy dense and/or high in saturated fats, sugars or salt, are defined by the 
AGHE as discretionary foods. Using a previously described classification system 
all of the food and beverage items consumed by children across the 3 x 24-hr 
recall periods were classified as core or discretionary foods (Grimes et al. 2014). 
Definition of processed foods 
 
The NOVA processed foods classification system which groups foodstuffs into 
four categories (minimally processed, processed, processed culinary ingredient, 
ultra-processed) according to the type and intensity of technological intervention 
was used to classify foods according to their level of processing. The criteria for 
classifying foods and ingredients into the four groups is described elsewhere 
(Moubarac et al. 2014). In brief, the minimally processed food category often 
involves food preservation techniques which improves storage suitability and 
manufacturing methods which enhance palatability and food quality. Processed 
foods are derived from the addition of ingredients such as oil, sugar and salt to 
whole foods to make them more palatable. The processed culinary ingredient 
category includes ingredients used in the preparation of foods and may include 
versions of the original foods, whereas ultra-processed foods typically contain 
little or no whole foods and often contain ingredients such as preservatives and 
sweeteners which make foods highly palatable and convenient (Moubarac et al. 
2014). In this study each five-digit food code representing minor food categories 
(n = 286) from the InFANT dataset were classified as a minimally processed, 
processed, processed culinary ingredient or ultra-processed food. In some 
instances when it was difficult to classify some minor food categories, (n = 9) the 
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eight-digit food code was consulted to examine the individual food products 
within that category and to identify the ingredients and level of processing. 
Data analysis and statistical analyses 
 
Descriptive statistics were used to describe food group contributions to total 
sodium and energy intakes. Mean contributions and standard deviations (SD) for 
the sample, and the percentage of the sample consuming each food group were 
calculated. The mean ratio method at the individual level was used to calculate 
the daily contribution of each food group to the participants’ sodium intake 
(Krebs-Smith et al. 1989). This method was also used to calculate the daily 
contribution of each food group to the participants’ average daily energy intake as 
well as the contribution of core and discretionary foods and the four nominated 
types of processed foods to the participants’ sodium intake over three days. 
Differences in the mean sodium intakes between core and discretionary foods 
were assessed using independent t-tests. ANOVA was used to assess the 
differences in the mean sodium intakes between the four types of processed foods. 
A P-value of <0.05 was considered significant. Analyses were conducted using 
StataSE 12 software (Release; Stata Corp LP, College Station, TX, USA) 
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3.5 Results 
 
InFANT follow-up participants 
 
The derivation of participants in this study of sodium intakes at 3.5 years in 
relation to the design of InFANT cohort are detailed in Figure 3.1. Two hundred 
and fifty one children who were approximately 3.5 years of age with an equal 
gender distribution were included. Although the follow-up participants were more 
highly educated and more likely to speak English at home than the participants 
lost to follow-up, (Table 3.1) there was no difference in any demographic 
characteristic between the intervention group (n = 125) and the control group (n = 
126). There was no difference in dietary sodium intake between the intervention 
and the control groups; 1503 ± 448 mg/d sodium (salt equivalent 3.85 ± 1.14 SD 
g/d) and 1513 ± 539 mg/d sodium (salt equivalent 3.87 ± 1.38 g/d) respectively (P 
= 0.434), therefore both groups were combined together for analysis. The average 
daily sodium intake across three days of dietary recalls was 1508 ± 495 mg/d and 
average daily sodium intake for boys was 1565 ± 560 mg/d (salt equivalent 4.0 ± 
1.4 g/d) and for girls was 1452 ± 416 mg/d (salt equivalent 3.7 ± 1.0 g/d). Eighty 
seven per cent (n = 218) of children exceeded the age-specific recommended 
daily UL for sodium of 1000 mg/d. 
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ALLOCATION Baseline: infants aged 3 months old 
 
Randomised K = 62 first time parents’ groups; N = 542 main carers 
 
 
 
 
Withdrew from the study 
n = 181 
 
FOLLOW UP: Children aged 3.5 years old 
Follow up 3.5 years old n = 361 
 
Excluded from analysis: 
n = 2 children only 1 dietary recall No dietary recall n = 100 
n = 4 children only 2 dietary recall 
n = 4 children energy outliers 
 
 
Follow up final sample N = 251 children 
 
 
Figure 3.1 The derivation of participants in this study of sodium intakes at 3.5 
years in relation to the design of InFANT 
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Participants lost to follow-up 
 
Compared to the participants (mothers) from the follow-up study, the participants 
lost to follow-up were less likely to be on maternity leave, less likely to have a 
university qualification, more likely married, born in Australia and to speak 
English at home and the children had a higher BMI z-score. Within the lost to 
follow up group there was one father who was excluded from this study for not 
providing complete dietary data. 
Table 3.1: Demographic characteristics for children and mothers who participated 
in follow-up data collection when the children were 3.5 years old 
Child Characteristics 
Sex n % 
Boys 125 50 
Girls 126 50 
Mean SD 
Age (years) 3.6 0.19 
Weight (kg) 16.6 2 
Height (cm) 100.7 4 
Body mass index score1  0.88 
Mothers Characteristics n % 
Employment status   
On Maternity leave 178 71 
Employed full time 3 1 
Employed part time 19 8 
Unemployed 8 3 
Student 2 1 
Home duties 36 14 
Other 5 2 
Highest level of 
Trade or High School 93 37 
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Bachelor degree or higher 158 63 
Marital status 
Partner 249 99 
Separated 1 0.5 
Single parent 1 0.5 
Country of birth   
Australia 208 83 
Other 43 17 
Main language at home 
English 240 96 
    Other 11 4  
 
 
1 Body mass index z-scores were calculated by using World Health Organization 
gender-specific BMI-for-age growth charts (World Health Organization 2006). 
Food group contributions to sodium 
 
The relative contribution of each major food group to total daily sodium intake is 
shown in Figure 3.2. The food group cereals and cereal products was the greatest 
contributor to sodium intake, providing approximately a quarter of all sodium 
consumed (Table 3.2) 
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Figure. 3.2 Sources of sodium from major food groups in Australian preschool children (n = 251) 
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Other major sources contributing more than 15% of intake were cereal based 
products and dishes; meat, poultry and game products and dishes; and milk 
products and dishes. 
Table 3.2 lists those major, sub-major and minor food categories that contributed 
more than 1% of total sodium intake. Within the cereals and cereal products 
group, regular bread and bread rolls contributed the greatest proportion of sodium 
intake (17%) and contributed 10% of total energy with 97% of children 
consuming this food group. Within the meat, poultry and game products and 
dishes group, processed meat made the greatest contribution to sodium intake 
accounting for 8% of total sodium intake and 1.4% of energy intake and this food 
group was consumed by 56% of children. Cheese (9%) and dairy milk (7%) 
contributed the most sodium within the milk products and dishes group and 
provided collectively 18% of total energy. These foods were frequently 
consumed; cheese: 86% and dairy milk: 94%. Gravy and sauces, sausages and 
breakfast cereals and bars each provided around 4% of total sodium intake with 
7% of total energy collectively. 
Over the course of three days of food intakes, core foods contributed almost twice 
as much sodium as discretionary foods; 65% and 35% of total sodium 
respectively (P < 0.001 ) (Figure 3.3). When classified by degree of processing, 
ultra-processed foods contributed the greatest proportion of dietary sodium (48%), 
followed by processed foods (35%), minimally processed foods (16%) and 
processed culinary ingredient (1%) (ANOVA P < 0.001) (Figure 3.4). 
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Figure 3.3 Mean sodium intake over three days from core and 
discretionary foods (see text for meanings of core and 
discretionary). 
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Figure 3.4 Mean sodium intake over 3 consecutive days: food 
sources classified by level of processing (see text for further 
details) 
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Table 3.2. The contribution of food groups to individual intakes of energy and sodium intakes 
 
 
 
Food Group Name (Food Standards Australian New Zealand 2007b) 
 
% 
Consuming 
 
% Contribution 
to Na intake 
 
% Contribution 
to energy 
Cereals and cereal products (total %) 1 100 25.4 23.1 
Regular bread and bread rolls 2 97 17 10.3 
Bread and bread rolls White 3 50 4.4 2.8 
Breads and bread rolls Wholemeal 31 4.8 2.9 
Breads and bread rolls Mixed Grain 51 3.5 2 
English –style muffins, flat breads and savoury sweet breads 40 3.1 2.2 
Breakfast cereals and bars, unfortified and fortified 78 4 4.9 
Breakfast cereals, wheat based fortified 50 2.1 2.8 
Cereal based products and dishes (total %) 99 15 12.8 
Sweet biscuits 56 1.5 2.5 
Savoury biscuits 72 2.5 2.1 
Cakes, buns, muffins, scones, cake-type desserts 39 2 2.3 
Cake, cake mixes 41 1.3 1.6 
Pastries 22 2.1 1.5 
Savoury Pastry Products Pies Rolls and Envelopes 15 1.7 1 
Mixed dishes where cereal is the major ingredient 43 5.4 3.5 
Savoury pasta/noodle and sauce dishes 19 2 1.3 
Savoury rice based dishes 19 2 1.4 
Fats and oils (total %) 78 1 1.8 
Fish and seafood products (total %) 39 2.1 1.6 
Meat, poultry and game products and dishes (total %) 96 17.5 9.3 
Sausages, frankfurts and saveloys 32 4.1 1.8 
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Sausage 27 3.3 1.5 
Processed meat 56 8.2 1.4 
Bacon 15 1.5 0.3 
Ham 39 5 0.5 
Processed meat delicatessen meat red 10 1.3 0.5 
Mixed dishes where beef veal or lamb is the major 37 1.8 1.6 
Mixed dishes where poultry is the major component 35 2.2 1.4 
Poultry or game crumbed, battered meatloaf or patty type 23 1.6 1 
Milk products and dishes (total %) 100 19.3 24 
Dairy milk 94 7.2 13.1 
Milk,cow, fluid regular whole full fat 81 5.5 10.8 
Milk cow fluid reduced fat <2% 23 1.3 1.8 
Yoghurt 76 2.2 4 
Cheese 86 9.1 4.9 
Cheese Natural Traditional 71 5 3.4 
Cheese processed 30 2.9 0.9 
Soup (total %) 17 2 0.6 
Soup prepared ready to eat 16 2 0.6 
Savoury sauces and condiments (total %) 63 3.8 0.7 
Gravies and savoury sauces 53 3.1 0.5 
Vegetable products and dishes (total %) 98 3.3 5.4 
Potatoes 67 1.4 2.8 
Legume and pulse products and dishes (total %) 23 1.6 0.6 
Snack foods (total %) 4 25 1.2 0.8 
Miscellaneous (total %) 52 3.3 0.2 
Yeast vegetable and meat extracts 48 2.8 0.2 
Other  (total %) 5  4.6 19 
Chapter 3: Sodium sources and intake 
107 
 
 
 
 
 
1 bold text denotes major food category, 2 normal text denotes sub-major food category, 3 italic text denotes minor food category, 4 snack foods includes 
potato crisps, corn chips, popcorn or pretzels, 5  other includes foods with less than 1% sodium 
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3.6 Discussion 
 
In this sample of Australian preschool children the average intake of sodium was 
1508 ± 495 mg/d (salt equivalent ~4.0 ± 1.2 g/d) which is 50% greater than the 
NH&MRC UL of 1000 mg/d for sodium for children aged 1–3 years (National 
Health and Medical Research Council 2006). Within this sample, 87% of children 
exceeded the UL. In a previous analysis of children from the original InFANT 
Program at 18 months Campbell et al reported that 54% of children exceeded the 
UL recommendation for sodium (Campbell et al. 2014). This increase in the 
proportion of InFANT participants exceeding the recommended upper levels for 
sodium intake at the age of 3.5 years is concerning and likely reflects the 
continued transition for all children from lower sodium infant foods to sodium 
rich foods such as bread, cheese and breakfast cereals. Our findings are similar to 
the most recent Australian national survey, which reported an average daily intake 
of 1484 mg/d (salt equivalent ~4.0 g/d) in children aged 2–3 years across one day 
of intake (Australian Bureau of Statistics 2014) and confirms that Australian 
preschool children’s dietary sodium intakes are excessive. 
The major sources of dietary sodium were cereal and cereal products (e.g. bread 
and bread rolls), meat and poultry products (e.g. ham and bacon) and milk 
product dishes (e.g. cheese) which are similar to key the sources of sodium for 
primary school children aged 4–13 years (Grimes et al. 2011). Earlier analyses of 
the InFANT cohort at ages 9 and 18 months, also found that bread, cheese and 
breakfast cereal were major sources of sodium (Campbell et al. 2014). These 
findings are consistent with the 2011–13 AHS which indicated that in children 
aged 2–3 years the main sources of sodium were cereal based products (e.g. 
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bread), cereal products (e.g. mixed pasta/rice dishes), meat (e.g. processed meat) 
and milk products (e.g. cheese) (Australian Bureau of Statistics 2014). 
In this group discretionary foods contributed 35% of total sodium for children 
across the three days of intake and more than half of children within our sample 
consumed discretionary foods such as processed meat. It is concerning that a high 
proportion of young children are consuming these high sodium discretionary 
foods. Importantly we found that core foods contributed 65% of total sodium for 
children across three days of intake. Although it was expected that core foods 
such as breads and cereals, which are known to be important contributors of 
sodium, would make a contribution to daily sodium intake (Trevena et al. 2014), 
it is concerning that core foods contributed almost twice as much sodium as 
discretionary foods. It is therefore doubtful that children can reduce their sodium 
intake below the UL recommendations without the reformulation of core foods to 
lower levels of sodium. 
In Australia some progress has been made by the Food and Health Dialogue 
(FHD), a voluntary sodium reduction program involving food industry 
stakeholders, to reduce the content of sodium in core and discretionary foods 
(Food and Health Dialogue 2010). The FHD has set voluntary sodium reduction 
targets for nine food categories and of these, breads, ready-to-eat breakfast cereals 
and processed meats were scheduled to achieve sodium reduction targets by 
December 2013 (Food and Health Dialogue 2010). Some of the maximum levels 
of sodium recommended by the FHD include: bread (400 mg/100 g) and 
processed meats products (1090 mg/100 g ham and bacon and 830 mg/100 g 
luncheon meats) and a 15% sodium reduction target was applied to those ready- 
to-eat breakfast cereals where sodium levels exceeded 400 mg/100 g (Food and 
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Health Dialogue 2010). Despite the progress of the FHD program, a recent 
evaluation found that by December 2013 just 67% of all breads met the targeted 
reduction; approximately half of the ready-to-eat breakfast cereals had been 
reduced in their sodium content by at least 15% and less than half of processed 
meats products had reached their targets (Trevena et al. 2014). In addition, the 
range of sodium levels across Australian ready-to-eat breakfast cereals varies 
between 4 to 1063 mg/100 g and applying only a 15% reduction to those cereals 
at the uppermost range in sodium levels would still result in the production of 
ready-to-eat breakfast cereals with excessively high sodium levels (Trevena et al. 
2014). 
In the development of widespread sodium reduction targets across the globe, 
Australia is falling behind the United Kingdom (UK), the United States and 
Canada (Webster et al. 2011). The UK has led the way with respect to the product 
reformulation of lower sodium foods.  The UK voluntary salt reduction program 
is a multi-component strategy between the UK government, industry and public 
health groups, which has been coupled with consumer campaigns and the threat of 
regulation (Webster et al. 2011). This comprehensive program included a set of 
progressively lower salt targets set by the Food Standards Agency (FSA) for >80 
food categories and between 2001-2012 and has resulted in a reduction in the salt 
content of up to 50% in breakfast cereals, 45% in biscuits and 20% in breads 
(Brinsden et al. 2013). Consequently, the average adult sodium intake in the UK 
has decreased from 9.5g/day to 8.1g/day (Department of Health 2011), which is 
the lowest known mean dietary sodium intake for adults of any developed country 
(Webster et al. 2011). Thus the UK has become a proximate model for other 
countries aiming to reduce population salt intakes (He et al. 2014). 
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Furthermore, a recent analysis has shown that applying the UK FSA targets to 85 
minor Australian food categories and a 25% reduction on a further 81 minor food 
categories could reduce the average sodium intake of Australian children aged 2– 
16 years by 20% (Grimes et al. 2011). Although this 20% reduction is small, 
modest reductions in population salt intakes can lead to substantial health and cost 
effects; in the UK it has been estimated that the 0.9g/d reduction in salt intake has 
led to ~ 6000 fewer CVD deaths, saving the UK economy ~ £1.5 billion per 
annum (He et al. 2014). It is therefore imperative there is a strong and coordinated 
commitment between the food industry and the FHD, to the reformulation of 
lower sodium food products, for without this, sodium intakes will continue to 
exceed ULs recommended for health, even in our youngest populations. 
In addition to demonstrating the contribution of sodium from core and 
discretionary foods we also found that ultra-processed foods contributed the 
greatest (48%) to total sodium with processed (34%) and minimally processed 
foods (19%) contributing less and culinary processed ingredients contributing the 
least (1%). Although there are no national recommendations, generally, foods are 
arbitrarily dichotimised into either processed or unprocessed foods and the levels 
and types of food processing are often overlooked, particularly in national 
guidelines such as the AGHE. Thus a reduction in the consumption of ultra- 
processed foods would be a valuable educational approach in developing an 
effective strategy to reduce sodium intake in young children’s diets. 
The major strength of this study was the use of three days of 24-hr dietary recall 
data. Importantly, the collection of detailed dietary intake data in this study 
allowed food sources of sodium to be described, specifically enabling 
identification of core and discretionary foods and four types of processed foods. 
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The limitations of the study should also be noted; the 24-hr recall method fails to 
capture the amount of salt added at the table and therefore is likely to 
underestimate the true value of salt intake (Loria et al. 2001). While this is a 
limitation of our methodology, our understanding that the addition of salt at the 
table is commonplace would suggest that total sodium intakes are likely to be 
even higher than reported here. Occasionally some food product brands may have 
been unavailable within the food composition database and in these instances 
dietary sodium assessment may not have been entirely accurate. The NOVA 
classification is a new processed food grouping system and although it is not yet a 
well-established method of assessing diet quality, it has been included in the most 
recent Brazilian Dietary Guidelines (Ministry of Health Brazil 2014). In addition, 
our sample was subject to selection bias as those included in the survey were 
more likely to have a university qualification, more likely to be born in Australia 
and to speak English at home and the children had a lower BMI z-score when 
compared to those who did not participate, which reduces generalisability to the 
Australian population. However, given the known socioeconomic patterning of 
diet, whereby lower SES children eat nutritionally poorer diets, these data present 
the best case scenario and it is likely that children in lower SES families will 
indeed have greater sodium intakes than their higher SES peers (Grimes et al. 
2013a). 
 
In summary, the findings of excessive sodium intake in Australian preschool 
children and the identification of key foods sources provide important evidence 
affirming the need to reduce sodium in the Australian food supply. Reducing 
preschool children’s sodium consumption could result in a lifelong reduction in 
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dietary sodium intake which is likely to reduce the age related rise in blood 
pressure and represents a significant area for public health action. 
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Chapter Four: Dietary intake and sources of 
potassium and the relationship to dietary sodium in 
a sample of Australian preschool children 
4.1 Preface 
 
As potassium is associated with BP, it is important to determine preschool 
children’s intake and which foods provide potassium in their diets. 
This chapter was published as a peer reviewed paper in Nutrients: 
 
O'Halloran, SA, Grimes, CA, Lacy, KE, Nowson, CA, Campbell, KJ 2016b, 
'Dietary intake and sources of potassium and the relationship to dietary sodium in 
a sample of Australian preschool children', Nutrients, vol. 8, pp. 496. 
URL: http://www.mdpi.com/2072-6643/8/8/496 
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4.2 Abstract 
 
The aim of this study was to determine the intake and food sources of potassium 
and the molar sodium:potassium (Na:K) ratio in a sample of Australian preschool 
children. Mothers provided dietary recalls of their 3.5 years old children (previous 
participants of Melbourne Infant Feeding Activity and Nutrition Trial). The 
average daily potassium intake, the contribution of food groups to daily potassium 
intake, the Na:K ratio, and daily serves of fruit, dairy, and vegetables, were 
assessed via three unscheduled 24 h dietary recalls. The sample included 251 
Australian children (125 male), mean age 3.5 (0.19) (SD) years. Mean potassium 
intake was 1618 (267) mg/day, the Na:K ratio was 1.47 (0.5) and 54% of children 
did not meet the Australian recommended adequate intake (AI) of 2000 mg/day 
for potassium. Main food sources of potassium were milk (27%), fruit (19%), and 
vegetable (14%) products/dishes. Food groups with the highest Na:K ratio were 
processed meats (7.8), white bread/rolls (6.0), and savoury sauces and condiments 
(5.4). Children had a mean intake of 1.4 (0.75) serves of fruit, 1.4 (0.72) dairy, 
and 0.52 (0.32) serves of vegetables per day. The majority of children had 
potassium intakes below the recommended AI. The Na:K ratio exceeded the 
recommended level of 1 and the average intake of vegetables was 2 serves/day 
below the recommended 2.5 serves/day and only 20% of recommended intake. 
An increase in vegetable consumption in preschool children is recommended to 
increase dietary potassium and has the potential to decrease the Na:K ratio which 
is likely to have long-term health benefits. 
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4.3 Introduction 
 
Hypertension is one of the most preventable causes of stroke and cardiovascular 
disease (CVD) (World Health Organization 2009). Concern exists regarding the 
prevalence of hypertension in children and adolescents and the prevailing tracking 
pattern of blood pressure (BP) across the life course (Feber and Ahmed 2010). In 
children, high dietary sodium intakes are associated with increased BP (Rosner et 
al. 2013; Yang et al. 2012) and lower sodium intake associated with reduced BP 
(He and MacGregor 2006). 
High dietary potassium is also associated with a lower BP: in adults, potassium 
intakes have a protective effect on BP but evidence of the effect of potassium on 
BP in children is mixed. For example, in a Greek cross-sectional study of 606 7- 
to-15- year-olds, systolic blood pressure (SBP) was significantly positively 
associated with potassium intake (Papandreou et al. 2007). Stronger longitudinal 
evidence comes from Geleijnse et al in which six annual 24-hr urine samples 
were collected from 233 11-14-year-old Dutch children and showed over a seven 
year period, mean SBP was lower when potassium intakes were higher (Geleijnse 
et al. 1990). Conversely, no association between children’s potassium intake and 
BP was found in a meta-analysis of three intervention trials and one cohort study 
(Aburto et al. 2013a). 
Beyond the individual effects of either dietary sodium or potassium on BP, cross- 
sectional and longitudinal evidence in adults has shown that the molar sodium-to- 
potassium (Na:K) ratio is positively associated with BP (Zhang et al. 2013) and is 
a predictor of cardiovascular risk (Cook et al. 2009). For example, in 783 adults 
aged 50–75 years, a one unit decrease in the Na:K ratio was associated with a 
117 
Chapter 4: Potassium intake and sources 
 
 
 
reduction in SBP of 1.8 mm Hg (Huggins et al. 2011). In addition, Cook et al. 
reported a 24% increase in CVD risk per Na:K unit in 2275 adults aged 30–54 
years (Cook et al. 2009). Few data describing the effects of the Na:K ratio on BP 
in children exist. One longitudinal Dutch study reported in 255 children aged 5– 
17 years, a greater yearly rise in SBP over seven years in those with a higher 
Na:K ratio (Geleijnse et al. 1990). A study from the United States conducted in 
2185 girls aged 9-17 years, reported that over a 10 year period those with a K:Na 
ratio ≥ 0.8 had SBP levels lower than those with K:Na ratios below 0.6 (Buendia 
et al. 2015).The World Health Organization (WHO) recommends a potassium 
intake which results in an optimal Na:K ratio of close to one (World Health 
Organization 2003). 
In Australia, utilising one day of 24-hr recalled dietary data, the 2011–13 
Australian Health Survey (AHS) reported an average dietary potassium intake of 
2042 mg in children aged 2–3 years (Australian Bureau of Statistics 2014), which 
is close to the recommended Adequate Intake (AI)1 of 2000 mg/d. In contrast, the 
average intake of dietary sodium is reported as 1484 mg/d (Australian Bureau of 
Statistics 2014) which exceeds the recommended daily Upper Level of Intake 
(UL) of 1000 mg/day (National Health and Medical Research Council 2006), for 
dietary sodium by ~50%. Accordingly, it is likely that Australian children’s Na:K 
ratios will be higher than the optimal ratio of 1. Regarding the Na:K ratio for food 
sources, only one cross-sectional study has examined the Na:K ratio of children’s 
 
 
 
1 The Adequate Intake is used when a Recommended Dietary Intake cannot be determined. 
The Upper Level of Intake is the highest average daily nutrient intake level likely to pose no 
adverse health effects to almost all individuals in the general population (National Health and 
Medical Research Council 2006). 
. 
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primary food sources and showed in French children aged 2–14 years, processed 
foods such as, breads, cheeses, breakfast cereals and seasonings had higher 
average Na:K ratios, ranging from 5.6 to 16.4, compared to the Na:K ratios 
ranging from 0.1 to 0.3 for fruits, vegetables and dairy (Meneton et al. 2009). To 
our knowledge this is the first Australian study to assess the molar Na:K ratio in 
children and of food sources. 
The aims of the present study were to assess, utilising three days of 24-hr dietary 
intake, in a sample of Australian preschool children: a) dietary intake and food 
sources of potassium; b) the molar Na:K ratio of both food consumed and key 
food groups. 
4.4 Methods 
 
The Melbourne Infant Feeding Activity and Nutrition Trial (InFANT) program, 
conducted during 2008–2010 within the major metropolitan city of Melbourne, 
Australia, was a cluster randomised controlled trial involving first-time parents 
attending parents’ groups when their children were 3-to-20 months of age 
(Campbell et al. 2013). Individual parents were eligible to participate if they gave 
informed written consent, were first-time parents and were able to communicate 
in English. Each parent-child dyad represented one parent and their first born. The 
intervention group received anticipatory guidance on the promotion of healthy 
eating and physical activity, whereas the control group received information only 
on child health and development. A detailed description of the program can be 
found elsewhere (Campbell et al. 2008). Eighty-six percent of eligible parents 
consented to participate (n = 542) (Campbell et al. 2013). Data from this study are 
drawn from the post intervention follow up when children were aged 
119 
Chapter 4: Potassium intake and sources 
 
 
 
approximately 3.5 years. Data were excluded for participants lost to follow up (n 
 
= 181) and those with no dietary recall (n = 100). Children with fewer than three 
complete dietary recalls at 3.5 years were excluded (n = 6). Outliers for total 
energy intakes were identified and excluded according to the criterion of mean ±3 
SDs (n = 4). This resulted in a sample size of 251 children. In addition, in a 
previous study utilising the same dataset, we assessed the dietary sources and 
sodium intake in a sample of Australian preschool children (O'Halloran et al. 
2016a) Findings from that study was used to assess the Na:K ratio for the group 
and key food groups. The InFANT program was approved by the Deakin 
University Human Ethics Research Ethics Committee (ID number: EC 175- 
20078) and the Victorian Government Department of Human Services, Office for 
Children, Research Coordinating Committee (Ref: CDF/07/1138). 
24-hr dietary recall and food sources 
 
Dietary intake was assessed by trained nutritionists by telephone-administered 
five pass 24-hr recall with the child’s parent when children were approximately 
3.5 years of age. All food and beverages consumed midnight to midnight on the 
day before the interview were reported (Campbell et al. 2014b). To help parents 
estimate their child’s food consumption, study-specific food measurement books 
were provided (Campbell et al. 2014) and, where possible, call days were 
unscheduled (96% of calls) (Campbell et al. 2013). Three days of dietary intake 
were assessed (recalls were non-consecutive and included one weekend day) and 
the mean number of days between the first and last recall was 15.5 days (SD 18.3 
days). 
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Potassium intake was calculated using the 2007 Australian nutrient composition 
database (Food Standards Australia and New Zealand 2007a), where foods are 
classified using a hierarchical numeric system. Individual food and beverage 
items are assigned an 8-digit food ID where 2-, 3-, and 5- digit food groups 
describe major, sub-major and minor foods, respectively. The last three digits of 
the 8-digit food ID are sequentially assigned to foods once they have been 
grouped within the 5-digit group (Food Standards Australia and New Zealand 
2007a). A detailed list of the food group classification system can be found in 
AUSNUT 2007 
http://www.foodstandards.gov.au/science/monitoringnutrients/ausnut/Pages/ausnu 
 
t2007.aspx (Food Standards Australia and New Zealand 2007) 
 
Potassium and sodium intake recommendations 
 
Children’s potassium intake was compared to the Australian National Health and 
Medical Research Council (NH&MRC) Adequate Intake (AI) for potassium of 
2000 mg/d for children aged 1–3 years. The AI is the average daily nutrient level 
assumed to be adequate for a healthy population. An Upper Level (UL) of Intake 
or a Recommended Dietary Intake for potassium as not been set for children 
(National Health and Medical Research Council 2006). 
Children’s sodium intake was compared with the NH&MRC UL of Intake for 
sodium of 1000 mg/day (salt equivalent 2.5 g/day) for children aged 1–3 years 
and was presented in our previous paper (O'Halloran et al. 2016a). The UL is 
defined as the highest average daily intake which is likely to pose no adverse 
effects (National Health and Medical Research Council 2006). 
Other measures 
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Demographic and socioeconomic data was collected at baseline when children 
were three months of age, via self-administered paper-based questionnaires. 
Maternal education was dichotomised as low (secondary school or trade 
qualifications or less) or high (college or university or more) (Campbell et al. 
2014). 
Data analysis and statistical analyses 
 
Descriptive statistics were used to describe food group contributions to total 
potassium and 
energy intakes and the Na:K ratio for the sample. Mean contributions and 
standard deviations (SD) for the sample, and the percentage of the sample 
consuming each food group were calculated. 
To calculate the average daily contribution of each food group to the participants’ 
average daily potassium intake and participants’ average daily energy intake over 
three days, the mean ratio method at the individual level was used (Krebs-Smith 
et al. 1989). Sodium and potassium density were calculated as mg/1000 kJ to 
correct for differences in children’s energy intake. 
The mean and SD for the molar sodium:potassium (Na:K) ratio were calculated 
using the average daily potassium intake and the average daily sodium intake 
from our previous study (O'Halloran et al. 2016a). To calculate the average 
molar Na:K ratio, sodium and potassium in micrograms (mg) were converted to 
milli- mole (mmol) using the following conversion (National Health and 
Medical Research Council 2006): 
1 mmol sodium = 23 mg sodium 
 
1 mmol potassium = 39 mg potassium 
122 
Chapter 4: Potassium intake and sources 
 
 
 
Na:K ratio key food groups 
 
To calculate the mean Na:K ratio for food groups, the average amount of sodium 
and potassium across the three days of intake from each food group was 
calculated and converted to mmol using the above conversion. 
Serving sizes 
 
To assess the serves per day (as recommended by the Australian Guide to Healthy 
Eating (National Health and Medical Research Council 2013) of key food groups, 
the sample was divided into two groups: i) mean potassium intake below the AI 
(n = 116) and ii) above AI for potassium (n = 135) and the average intake across 
3 days of intake for vegetable and fruit were calculated at the 2-digit food group 
level. To account for the variation in the recommended serving sizes within the 
milk products/dishes food group, the average intake across 3 days of intake for 
these foods was calculated at the 3-digit food group level (i.e. cheese, milk, 
yoghurt). To calculate the serves/d, the total intake in grams was divided by the 
recommended serving size (g) for each food group (National Health and Medical 
Research Council 2013). Differences in the serves/d of key food groups between 
the group below and above the AI for potassium were assessed using the 
independent samples t test. 
A p value of < 0.05 was considered significant. Analyses were conducted using 
StataSE 12 software (Release; Stata Corp LP, College Station, TX, USA). 
4.5 Results 
 
Participants lost to follow-up 
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Demographically, those participants (mothers) lost to follow-up were less likely 
to be on maternity leave, less educated, more likely married, born in Australia and 
to speak English at home and the children had a higher BMI z-score, compared to 
those retained. One father (within the lost to follow up group) with incomplete 
dietary data was excluded from this study. 
InFANT follow-up participants 
 
Demographic characteristics of the sample are shown in Table 4.1. Two-hundred 
fifty-one children, who were approximately 3.5 years of age with an equal gender 
distribution, were included. The intervention and the control groups were 
combined for analysis as there was no difference in dietary potassium intake 
between the groups; 2024 (SD 514) mg/day potassium (52 (13.1) mmol/day), and 
1943 (483) mg/day potassium (50 (12.3) mmol/day), respectively (P = 0.20). The 
average molar Na:K ratio for the group was 1.3 (0.45), with 77% of children 
above the WHO-recommended Na:K of one (World Health Organization 2003) 
(Table 4.1). The average molar Na:K ratio for boys and girls were similar; 1.32 
and 1.35, respectively (P = 0.6). The average daily potassium intake in boys 2061 
(SEM 45) mg/day (53 (1) mmol) was ~8% higher than girls; 1907 (43) mg/day 
(49 (1) mmol), (P = 0.01). 
 
However, there was no statistically significant difference between the average 
daily sodium intake for boys; 1565 (50) mg/day (68 (2) mmol/day) and girls; 
1452 (32) mg/day (63 (2) mmol/day) (p = 0.07). Fifty-four percent (n = 135) of 
children did not achieve the recommended AI for potassium of 2000 mg/day for 
children aged 1–3 years (Table 4.1). The Na:K ratio for the group above the AI 
was 1.18, compared to 
1.47 for the group below the AI (p= 0.001). Compared with children of high 
social economic position (SEP) (as defined by parental education status), children 
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of low SEP had a significantly higher Na:K ratio but not a significantly higher 
average daily sodium or potassium intake (data not shown). 
Table 4.1. Characteristics for children and mothers who participated in follow-up 
data collection when the children were 3.5 years old. 
 
Child Characteristics   
Sex n % 
Boys 125 50 
Girls 126 50 
 Mean SD 
Age (years) 3.6 0.41 
Weight (kg) 16.6 2.0 
Height (cm) 100.7 4.0 
Body Mass Index z- 
score 1 
0.6 0.8 
Mothers 
Characteristics 
n % 
Employment status 2   
On maternity leave 178 71 
Employed full time 3 1 
Employed part time 19 8 
Unemployed 8 3 
Student 2 1 
Home duties 36 14 
Other 5 2 
Highest level of 
education 
  
Bachelor degree or 
higher 
158 63 
Trade or high school 93 37 
Marital status   
Partner 249 99 
Separated 1 0.5 
Single parent 1 0.5 
Country of birth   
Australia 208 83 
Other 43 17 
Main language at home   
English 240 96 
Other 11 4 
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Sodium (Na) & 
Potassium (K) 
Mean SD 
Daily K intake (mg/d) 1983 499 
Daily K intake 
(mmol/d) 
51 21 
Daily K density 
(mg/1000kJ) 
383 65 
Daily Na intake (mg/d) 3 1508 495 
Daily Na intake 
(mmol/d) 3 
65 13 
Daily Na density 
(mg/d) 3 
290 70 
Daily molar Na:K ratio 1.3 0.45 
1 Body mass index z-scores were calculated by using World Health Organization 
gender-specific BMI-for-age growth charts (World Health Organization 2006); 2 
Data collected at baseline when children were three months old; 3 Average daily 
sodium intakes from our previous study (O’Halloran et al. 2016a). 
Food group contributions to potassium 
 
Dairy milk and yoghurt provided approximately one quarter of total potassium, 
and approximately 17% of energy consumed (Table 4.2). Tropical fruits and 
potatoes were also important sources of potassium and contributed 7% and 6%, 
respectively, but less than 5% of total energy intake. Within the cereal/cereal 
products category, breads and bread rolls, and breakfast cereal and bars 
collectively contributed ~8% of potassium and ~13% of energy. 
Food group Na:K ratio 
 
Food groups providing the highest Na:K ratio were processed meats, white 
bread/rolls, and savoury sauces and condiments, with Na:K ratios of 7.8, 6.0, and 
5.4, respectively (Table 4.2). Other food groups with a high Na:K ratio included 
mixed grain bread/rolls (Na:K ratio 4.2), mixed dishes where cereal is the major 
ingredient (Na:K ratio 3.5) and soup (Na:K ratio 2.8). Lowest food group Na:K 
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ratios were observed for fruit products/dishes, vegetable products/dishes, and milk 
product dishes, all of which had a Na:K ratio of less than 1. 
Servings sizes of food groups 
 
Over the course of the three days of food intake, children above the AI for 
potassium met the recommended serves/day for dairy and fruit. Those children 
with a mean potassium intake below the recommended AI intake met the 
recommended serves/day for fruit only. In addition, those children in the group 
with an average potassium intake above the AI consumed significantly more 
fruits, vegetables, and dairy compared to the group with an average potassium 
intake below the AI (Table 4.3). 
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Table 4.2 The main food sources of sodium (Na), potassium (K), energy, and Na:K ratio from major, sub-major, and minor food categories in Australian 
preschool children (food group categories that contribute >1.0% of potassium to daily intake). The Na:K ratio of major food categories is shown in 
descending order. 
 
Food Group Name (Food Standards Australian New 
Zealand 2007b) 
Proportion 
Consuming 
(%) 
Contribution 
to Energy 
Intake (%) 
Contribution 
to Na Intake 
(%) 
Contribution 
to K Intake 
(%) 
Na:K 
Ratio 
(mmol) 
Savoury sauces and condiments 1 63 0.7 3.8 1 5.4 
Gravies And Savoury Sauces 2 53 0.5 3.1 1 4.4 
Cereal based products/dishes 99 13 15 4.8 4.3 
Mixed Dishes Where Cereal Is The Major Ingredient 43 3.5 5.4 2.1 3.5 
Savoury Pasta/Noodle And Sauce Dishes 3 19 1.3 2 1 2.7 
Cereals and cereal products 100 23.1 25.4 11.3 2.8 
Regular bread and bread rolls 97 10.3 17 5 4.3 
Breads, And Bread Rolls, White 50 2.8 4.4 1 6 
Breads, And Bread Rolls, Mixed Grain 51 2 3.5 1 4.2 
Breads, And Bread Rolls, Wholemeal 31 2.9 4.8 1.8 3.4 
Breakfast cereals and bars 78 4.9 4 2.9 1.7 
Breakfast Cereal, Wheat Based Fortified 50 2.8 2.1 1.8 1.4 
Breakfast cereal hot porridge 19 0.5 0.4 1.3 0.3 
Breakfast Cereal, Hot Porridge Type, Made From Oats 
(Including plain, flavoured 19 0.5 0.41 1.3 0.3 
Meat, poultry and game products and dishes 96 9.3 17.5 8.6 2.8 
Beef 24 0.2 0.3 1 0.5 
Muscle meat 57 0.6 0.6 1.7 0.4 
Processed meat 56 0.5 8.1 1.5 7.8 
Ham 39 0.5 5 1 7.8 
Poultry and Feathered Game 39 0.3 0.4 1.1 0.4 
Chicken 39 0.3 0.4 1.1 0.4 
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Mixed Dishes Where Poultry or Game Is The Major 
Component 35 1.4 2.2 1.1 2.7 
Mixed Dishes Where Beef, Veal or Lamb Is The Major 
Component 37 1.6 1.8 2.1 1 
Beef, or Veal Stew, Casserole, Stir Fry With Gravy or Sauce 
Only 31 0.4 1.2 1.7 0.8 
Soup 17 0.6 2 1 2.8 
Soup (Prepared, Ready to Eat) 16 0.6 2 1 2.8 
Miscellaneous 52 0.2 3.3 1.7 2.6 
Yeast, Yeast, Vegetable And Meat Extracts 48 0.2 2.8 1.7 2.2 
Yeast, Vegetable And Meat Extracts 48 0 2.8 1.7 2.2 
Fish and Seafood Products 39 1.6 2.1 1.6 1.6 
Milk products and dishes 100 24 19.3 27.4 0.9 
Dairy milk 94 13.1 7.2 19.1 0.4 
Milk, Cow, Fluid, Regular Whole, Full Fat 81 3.6 5.5 14.7 0.4 
Milk, Cow, Fluid, Reduced Fat, <2% 23 0.6 1.3 3.3 0.4 
Yoghurt 76 4 2.2 5.8 0.4 
Yoghurt, Flavoured or Added Fruit, Full Fat 37 0.6 0.9 2.5 0 
Yoghurt, Full Fat, Fruit and/or Cereal Added 14 0.2 0.27 1 0.3 
Yoghurt, Flavoured or Added Fruit, Reduced Fat 23 0.3 0.54 1.3 0.5 
Dairy Substitutes 10 0.2 0.9 1.3 0.8 
Dairy Milk Substitutes, Unflavoured 9 0.2 0.9 1.2 0.4 
Soy-Based Beverage, Plain, Fortified 7 0.1 0.5 1 0.6 
Confectionary and Cereal/Nut/Fruit/Seed bars 69 0.8 0.6 1 0.6 
Vegetable products/dishes 98 5.4 3.3 13.8 0.3 
Potatoes 67 3 1.4 5.7 0.1 
Potatoes 35 0.2 0 2.4 0 
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Potato Products (e.g., potato chips/wedges, gems and hash 
browns) 29 0.6 1.2 2.4 0.6 
Other Vegetables And Vegetable Combinations 55 0.2 0.4 1 0.5 
Carrot And Similar Root Vegetables 68 0 0.2 1.2 0.2 
Carrot And Similar Root Vegetables 68 0 0.2 1.2 0.2 
Cabbage, Cauliflower And Similar Brassica Vegetables 45 0.5 0.2 1.1 0.1 
Cabbage, Cauliflower And Similar Brassica Vegetables 45 0 0.2 1.1 0.1 
Non-alcoholic beverages 66 0.6 0.5 2.8 0.2 
Fruit and Vegetable Juices and Drinks 40 0.4 0.2 2.5 0.1 
Fruit Juices 37 0.3 0.1 2.1 0 
Fruit Products/Dishes 99 3.1 0.4 19.4 0 
Berry 54 0.1 0.7 1.2 0 
Berry Fruit 54 0.1 0 1.1 0 
Stone Fruit 19 0.1 0 1.4 0 
Other Stone Fruit 6 0.1 0 1 0 
Tropical Fruit 71 1 0 7 0 
Bananas 67 0.8 0 6.4 0 
Other Fruit 65 0.5 0.1 3.8 0 
Dried fruit, preserved fruit 35 0.3 0 1.9 0 
Dried Vine Fruit 29 0.2 0 1.3 0 
Other fruiting vegetables 66 0.3 0.1 2.3 0 
Other Fruiting Vegetables 55 0.3 0.1 1.8 0 
Other 4 - 17.4 5.9 4.3 - 
1 Bold text denotes major food category; 2 Normal text denotes sub-major food category; 3 Italic text denotes minor food category; 4 Other includes food 
with less than 1% potassium. 
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Table 4.3 Differences in serves of food groups by participants who did 
not meet the recommended AI for potassium (mean (± SEM)). 
 
  
Below 
 
± SEM 
 
Above 
 
± SEM 
p = 
value 1 
Recommended 
serves/d 
 n=135 
(54%) 
 n=116 
(46%) 
   
Potassium 
Intake 
 
1618 
 
23 
 
2409 
 
32 
 
<0.001 
 
Food group       
Fruit serves 1  1.6  0.001 1 
Vegetable 
serves 
 
0.4 
  
0.6 
  
<0.001 
 
2.5 
Dairy serves 1.2  1.6  <0.001 1.5 
 
 
 
4.6 Discussion 
 
In this sample, across three days of intake, the average dietary potassium intake in 
Australia preschool children was 1983 mg/day, which was close to the National 
Health Medical Research Council (NH&MRC) adequate intake (AI) of 2000 
mg/day for potassium for children aged 1–3 years (National Health and Medical 
Research Council 2006). Our findings are consistent with the most recent national 
2011–2013 Australian Health Survey (AHS) which reported, across one day of 
intake, an average daily potassium intake of 2042 mg/day in children aged 2–3 
years (Australian Bureau of Statistics 2014). Within our group, key contributors to 
potassium were dairy (specifically milk and yogurt), fruit (specifically tropical 
fruit), and vegetables (specifically potatoes). In general, our results corresponded 
well with the 2011–2013 AHS survey data for children aged 2–3 years which also 
reported milk, tropical fruit, and potatoes as key contributors to potassium, 
providing 21%, 6%, and 5%, of potassium intakes, respectively (Australian 
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Bureau of Statistics 2014). Importantly, more than half of the children within 
oursample did not achieve the recommended AI of 2000 mg/day for potassium 
(National Health and Medical Research Council 2006). These low potassium 
intakes appear to be driven by children’s low vegetable consumption given these 
children’s intakes fell well below the Australian daily targets for this age group 
(average 0.5 serves versus recommended 2.5 serves (National Health and Medical 
Research Council 2013)). These low vegetable intakes were consistent (though 
consumption was slightly higher) even in the group achieving potassium AIs. 
Higher potassium intakes resulted primarily by additional fruit rather than 
vegetable consumption. Generally, our findings corresponded well with national 
data, confirming low vegetable consumption amongst Australian preschool 
children; the 2011–2013 AHS reported an average of ~1.3 serves vegetables, 
compared to recommended 2.5 serves/day (Australian Bureau of Statistics 
2015b). In contrast, the AHS reported an average of 1.9 serves of dairy, and 1.8 
serves of fruit; thus, children met the recommended serves of 1.5 of dairy and 1 of 
fruit, respectively (Australian Bureau of Statistics 2015b). Dairy is an important 
source of potassium and as young children in our sample did not quite meet the 
recommended 1.5 serves/day, it is important that dairy foods are encouraged in 
young children’s diets. In our group, milk products/dishes were key sources of 
both sodium and potassium. Other main sources of sodium were cereal/products 
and meat poultry whereas major sources of potassium were fruit and vegetables. 
Therefore, it is possible for Australian preschool children to attain the optimal 
Na:K ratio of one (World Health Organization 2003) by concomitantly increasing 
their intake of potassium-rich foods and decreasing foods high in sodium. To 
achieve this, we suggest two key approaches; the first approach involves 
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promoting food choice to increase preschool children’s daily vegetable 
consumption (consistent with current Australian dietary guidelines (National 
Health and Medical Research Council 2013)). Early childhood is an important 
time to establish healthy dietary behaviours, such as vegetable consumption, as 
dietary habits established in young children follow a trajectory into adulthood 
(Mikkila et al. 2004). Furthermore, large prospective studies have shown higher 
intakes of vegetables during childhood were associated with a lower risks of 
stroke (Ness et al. 2005) and cancer risk (Maynard et al. 2003) in adulthood. 
Increasing vegetable consumption may also be important for preventing childhood 
obesity (Epstein et al. 2008). Thus, an increased vegetable consumption may not 
only reduce the Na:K ratio (improving risk for high BP), but will also likely result 
in a decrease of other CVD risk, as well as a range of other health benefits. 
Currently, there are no interventions which specifically target increasing vegetable 
intake to alter the Na:K ratio in children. Given Australian children’s vegetable 
intakes are low, targeting a wide-range of settings (e.g., home, childcare centres) 
(Wolfenden et al. 2012) are needed to alter children’s Na:K ratio closer to the 
recommendations. The second approach to lower Australian preschool children’s 
Na:K ratio is to reduce children’s sodium intakes. Given sodium in young 
children’s diets is provided mostly by breads and cereals, processed meats, and 
cheese (Australian Bureau of Statistics 2014) meeting sodium recommendations at 
the individual level is difficult to achieve and reformulation of these products with 
lower sodium content is required. In Australia, despite voluntary sodium reduction 
targets across a number of food categories (Food and Health Dialogue 2009), the 
average Australian adult’s salt intake remains 
Chapter 4: Potassium intake and sources 
133 
 
 
 
excessive (an average salt intake 7.8 g/day) (Nowson et al. 2015). In contrast, in 
the United Kingdom the salt content across a number of food categories has been 
reduced by up to 57%, resulting in a 1.4 g/day fall in mean population salt intake 
(Brinsden et al. 2013). Thus, more effective salt reduction targets from the 
Australian food industry to reformulate high sodium food products is required. 
Within our sample, Na:K ratios exceeded the WHO recommendation of 1 (World 
Health Organization 2003), even in the group of children who exceeded the AI 
potassium recommendation. Few data are available reporting the Na:K ratio in 
children, with studies limited to North America and Europe. For example, an 
average Na:K ratio of 1.03 (SE 0.01) was reported for American children aged 1– 
3 years (Tian et al. 2013). Amongst older Spanish children (6–14 years) and 2–14 
years old French children, the average reported Na:K ratio was 3.6 (SD 1.3) 
(Maldonado-Martin et al. 2002) and 1.64 (range: 1.61–1.67) (Meneton et al. 
2009), respectively. Importantly, in our study children from both groups (above 
and below the AI), also consumed sodium amounts which exceeded the 
recommended upper level (UL) of 1000 mg/day (National Health and Medical 
Research Council 2006) which, consequently, appeared to drive up the Na:K 
ratio. If children were to lower their sodium intake, to the UL amount, their Na:K 
ratios would fall closer to a ratio of 1, even in those with a potassium intake 
below recommendations. 
In addition to assessing the Na:K ratio for our sample, we also identified the main 
food groups with high Na:K ratios (e.g. processed meats, savoury sauces/gravies, 
bread/bread rolls). These processed foods, as outlined earlier, are key dietary 
sources of sodium in young children and as an estimated three quarters of dietary 
sodium in developed countries comes from processed foods (James et al. 1987) 
our findings reaffirm the need for sodium content reformulation by the food  
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industry. It is important to consider the strengths and limitations of this study. 
The three day, multi-pass 24-h recall allowed for a robust assessment of usual 
potassium intake and the disaggregation of the recipes allowed the food sources 
of potassium to be fully described. However, the results of this study cannot be 
generalised to the Australian population in this age group as the parents who 
participated in this study were more likely to speak English at home, be 
Australian born, have a university qualification, and their children had a lower 
body mass index (BMI) z-score. Children from a lower socio-economic position 
(SEP) tend to have lower intakes of fruits and vegetables (Rasmussen et al. 
2006). Thus, our findings likely represent the best case scenario given the SEP 
variation in healthy diets. Another limitation of our study concerns the estimation 
of serves/day of vegetables, dairy, and fruit. Some mixed dishes (i.e., a vegetable 
curry) were coded using AUSNUT 2007 (Food Standards Australia and New 
Zealand 2007a) rather than using a recipe approach, which may impact the 
estimation of dairy/vegetable/fruit consumption. In addition, the Na:K ratio in our 
sample is likely to be higher as the 24-h recall method does not capture the use of 
salt added at the table or in cooking and, is likely to under-represent the true 
value of salt intake. 
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4.6 Conclusion 
 
Our study describes total intakes and key food sources of dietary potassium and 
the molar Na:K ratio of both food consumed and food groups in a sample of 
Australian preschool children. We have demonstrated that Australian preschool 
children, on average, have a high Na:K ratio driven by the excessive amounts of 
sodium contained in manufactured foods and low dietary potassium intakes due 
to vegetable consumption below recommendations. A more widespread 
reformulation of high sodium foods and an increase in the number of vegetable 
serves/day is required to improve young children’s Na:K ratios. 
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Chapter Five: The provision of ultra-processed 
foods and their contribution to sodium availability 
in Australian long day care centres 
5.1 Preface 
 
Ultra-processed foods are widespread throughout the Australian food supply. 
However, there is no information about how these foods contribute to the 
sodium/salt content of foods and dishes provided on a daily basis in LDC. 
This chapter was published as a peer reviewed paper in Public Health 
Nutrition: 
O'Halloran, SA, Lacy, KE, Grimes, CA, Woods, J, Campbell, KJ, Nowson, CA 
2017b, ‘The provision of ultra-processed foods and their contribution to 
sodium availability in Australian long day care centres’, Public Health Nutr, 1- 
8. doi: 10.1017/S136898001700132X. 
URL: https://www.cambridge.org/core/journals/public-health- 
 
nutrition/article/provision-of-ultraprocessed-foods-and-their-contribution-to- 
 
sodium-availability-in-australian-long-day-care- 
 
centres/08E7EECA57AAEA8ED769D1E7E3022412 
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5.2 Abstract 
 
Objectives: To categorise and assess all food, beverages and ingredients provided 
over one week at Australian Long Day Care (LDC) centres according to four 
levels of food processing and to assess the contribution of sodium from each level 
of processing. 
Design: Cross-sectional. 
 
Setting: Menus for lunch, morning and afternoon snacks were collected from 
LDC centres. The level of food processing of all food, beverage and ingredients 
were assessed utilising a four level processed food classification system: 
Minimally Processed (MP), Processed Culinary Ingredients (PCI), Processed (P) 
and Ultra Processed (ULP). 
Results: A total of 35 menus (lunch n = 35, snacks n = 70) provided to 1–5 year 
old children were collected from seven LDC centres. The proportions of 
foodstuffs classified as MP, PCI, P and ULP: 54%, 10%, 15% and 21%, 
respectively. All lunches were classified as MP. ULP foods accounted for 6% of 
morning snacks; 41% of afternoon snacks. The average amount of sodium 
provided per child/day across all centres: 633 (151) (SD) mg/d. ULP foods 
provided 40% of sodium, followed by P (35%), MP (23%) and PCI (2%). 
Conclusion: Centres provided foods resulting in an average total daily sodium 
content which represented 63% of the recommended Upper Level (UL) of intake 
for sodium for this age group. A significant proportion of ULP snack foods were 
included which were the major contributor to total daily sodium intake. 
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Replacement of ULP snack foods with MP lower sodium alternatives is 
recommended. 
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5.3 Introduction 
 
High dietary sodium intakes that exceed recommendations are common in 
children aged 1–6 years in developed countries, with average reported intakes 
of >1000 mg/d (2.6 g salt equivalent/d) (Brown et al. 2009). For example, in 
Australian children aged 2–3 years, dietary sodium intakes have been estimated at 
 
~1500mg/d (3.8 g salt/d) (Australian Bureau of Statistics 2014) which exceeds the 
daily Upper Level (UL) of intake of 1000 mg/d for 1–3 year olds (National Health 
and Medical Research Council 2006). Excessive dietary sodium consumption 
throughout childhood is associated with high blood pressure (He et al. 2008), 
which tracks across the lifespan (Chen and Wang, 2008; Tirosh et al. 2010; 
Toschke et al. 2010) and is a risk factor for cardiovascular disease (CVD) in 
adulthood (Lauer and Clarke 1989). Moreover, early life dietary habits tend to 
follow a trajectory from childhood and lay the foundations for eating patterns 
during adulthood (Mikkila et al. 2004; Nicklaus and Remy 2013). This suggests 
that highly salted food exposure during childhood may increase the possibility of 
these dietary patterns continuing into adulthood. It is therefore important to 
establish healthy eating patterns that are low in salt early in life. 
Ultra-processed (ULP) foods are industrially processed, highly palatable, habit 
forming, characteristically energy dense, high in added sugar, salt and saturated 
fat and often contain artificial additives, flavours and colours (Monteiro 2016). 
There are growing health concerns about ULP foods as these types of foods have 
become increasingly dominant in the global food system (Luiten et al. 2015; 
Monteiro et al. 2013; Moodie et al. 2013; Moubarac et al. 2014) and diets 
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dominated by ULP foods have contributed to changes in childhood lipid profiles 
(Rauber et al. 2015), increased rates of obesity and weight gain (Mozaffarian et 
al. 2011; Romaguera et al. 2011) and type 2 diabetes (Malik et al. 2006) in adults 
and children. 
In Australia, approximately 50% of children aged 0–5 years attend long day care 
(LDC) where the majority of these children spend on average 10–19 hours/week 
(Australian Bureau of Statistics 2015a). In these settings, lunch and morning and 
afternoon snacks and drinks are usually provided (Australian Bureau of Statistics 
2015a) and, according to nutritional recommendations, these meals together 
should contribute half of children’s total daily energy and nutrient requirements 
(Benjamin Neelon and Briley, 2011; Victorian State Government 2013). Hence 
LDC centres are likely important settings with regards to young children’s 
nutritional health. 
The proportion of foods, beverages and ingredients provided at Australian LDC 
classified as ULP has not been assessed and there is no information on the 
contribution of ULP to the sodium/salt content of foods and dishes provided on a 
daily basis in LDC. Therefore, the aims of this study were to: i) categorise 
individual foods based on the level of food processing using our NOVA- 
AUSNUT 2013 classification system (O'Halloran et al. 2017a); ii) calculate the 
proportion of MP, PCI, P and ULP of all foods and beverages and meals 
provided; iii) determine the contribution of sodium from each of the four levels of 
food processing. 
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5.4 Methods 
 
Study design 
 
The present study used menus and recipes (which contained all foods, beverages 
and ingredients) collected over one week (Monday-to-Friday) as part of our 
previous cross-sectional study involving the assessment of food consumed at 
lunch by preschool children attending LDC centres within the Geelong area 
(regional city within the State of Victoria). Briefly, the study involved the 
recruitment of 100 children aged 3–4 years attending LDC. LDC centre managers 
in the region were approached and information about the centre cooking practices 
was collected over the phone. Centres were eligible to participate if a cook 
worked onsite, meals were provided to all children, and a conventional food 
system (raw food purchased and transformed into the final product for service) 
was used.  When one centre declined to participate another centre was 
approached. This continued until a sufficient number of centres were recruited to 
reach the target number of potential 3–4 year old children. Thirteen LDC centres 
(of a possible 42 LDC) were approached for study participation and seven agreed 
(response rate 54%). Six centres (5 privately operated, 1 local government 
operated) declined to participate. The reasons cited were: did not have time (n = 
2; were not interested (n = 4). Centre managers provided further information on 
the use of menu planning guidelines, menu reviews and attendance of a menu 
planning workshop during a face-to-face meeting with the researcher. 
Ethical approval was obtained from the Deakin University Human Research 
Ethics Committee (ID number: HEAG-H 90/2015). 
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Long Day Care food provision 
 
Centre managers and/or cooks (who prepared the dishes onsite mostly from raw 
ingredients) were responsible for planning two-week menu cycles. All centres 
voluntarily followed dietary recommendations set out in the Healthy Together 
Eating Advisory Service (HEAS) menu planning guidelines from Nutrition 
Australia (Victorian State branch) (Victorian State Government 2013). According 
to these guidelines, LDC centres must provide meals that are diverse in tastes, 
colours, textures and flavours, main meals must not be repeated throughout the 
two-week menu cycle and key ingredients must not be repeated on the same day 
of the week (e.g. chicken served every Tuesday). In addition, all centre managers 
and cooks attended an interactive workshop with Nutrition Australia which 
provided information on developing menus that met Australia’s National Health 
and Medical Research Council’s (NH&MRC) Australian Dietary Guidelines 
(ADG) (National Health and Medical Research Council 2013) and nutrition 
requirements for 1–5 year olds (Victorian State Government 2013). 
In keeping with the ADGs (National Health and Medical Research Council 2013) 
on salt usage and the consumption of salty foods, the HEAS guidelines for LDC 
centres also state: the addition of salt during cooking or at the table should be 
avoided and low/reduced salt or no added salt packaged foods (e.g. sauces, stock 
or canned fish) should be used during cooking; processed foods such as ham or 
bacon, (which are important contributors to dietary sodium intakes in children 
(Australian Bureau of Statistics 2014)), should be limited to once or twice a week; 
other processed meats such as sausages, frankfurts, salami and commercial 
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chicken and fish products (e.g. chicken nuggets or fish fingers) are not 
recommended; discretionary food items (e.g. chips and savoury snacks), which 
are often high in fat, sugar and salt, should also be avoided (Victorian State 
Government 2013; Australian Bureau of Statistics 2014). We used for this 
analysis menus and recipes for lunch and morning and afternoon snacks which 
were prepared for all children aged between 1–5 years attending LDC. 
NOVA classification system and AUSNUT nutrient database 
 
The NOVA-AUSNUT 2011–13 classification system (O'Halloran et al. 2017a), a 
combination of the NOVA classification system (Moubarac et al. 2014) and 
AUSNUT 2011–13 nutrient database (Food Standards Australia and New Zealand 
2011–13), was applied manually to all foods, beverages and ingredients within 
each menu at the AUSNUT 8-digit food level (Figure 5.1). 
Figure 5.1: The classification of all food beverages and ingredients provided and 
contribution to sodium over five days at seven LDC centres 
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The NOVA system is the most studied processed food classification system and 
groups beverages and ingredients according to the intention of use and degree of 
Centre menu - 5 days 
Recipes broken down into separate 
ingredients to develop a list of all 
individual foods, beverages and 
ingredients 
Weights/volumes of foods, beverages 
and ingredients served assigned to all 
Foods, beverages and ingredients 
classified according to NOVA 
Snacks and lunches categorised when 
the majority (>60%) of food, beverage 
and ingredients categorised as one of 
the four levels of food processing 
Foods, beverages and ingredients 
amounts entered into Foodworks and 
sodium content derived 
Proportion of foods beverages and 
ingredients offered over 5 days 
calculated 
Contribution to sodium of each NOVA 
group calculated 
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industrial food processing rather than in terms of nutrients and food types 
(Moubarac et al. 2014). Criteria and examples of the NOVA system are described 
in detail in Table 5.1. The four processed food categories include: minimally 
processed (MP) foods (e.g. fresh, dry, frozen fruits or vegetables, meat, milk, 
grains); processed culinary ingredients (PCI) (e.g. salt, sugar, oil, fat); processed 
(P) foods (e.g. cheese, bread, canned fish); ultra-processed (ULP) foods (e.g. 
crisps, instant soups, confectionary)  (Monteiro et al. 2016; Moubarac et al. 2014). 
Table 5.1: The NOVA processed food classification system (Monteiro et al. 2016; 
Moubarac et al. 2014) 
 
Food group and definition Examples 
1 Minimally processed (MP) and 
unprocessed foods 
 
Minimally processed foods includes 
both unprocessed foods which are of 
plant or animal origin and are 
consumed shortly after harvesting 
(fruits, nuts, seeds), or animal origin 
(meat, other flesh, tissue and organs, 
eggs, milk) and foods that have been 
modified by removing parts of the 
food, without the addition of any 
other substance. 
Minimally processed foods are 
unprocessed foods altered in ways 
that do not add or introduce any 
substance but may involve removing 
parts of the food. Minimal processes 
include washing, peeling, grinding, 
crushing, grating, roasting, boiling, 
carving, portioning, scaling, filleting; 
pressing, drying, pasteurizing; 
chilling, refrigerating, freezing, None 
of these processes add salt, sugar, oils 
or fats to the original foods. Malting, 
is a minimal process, and also 
fermenting, which adds living 
organisms, when alcohol is not 
produced Also included are foods 
Fresh, squeezed, chilled, frozen or 
dried fruits, leafy and root vegetables; 
grains , brown, parboiled, or white 
rice; corn cob or kernel, wheat berry or 
grains; fresh, frozen, and dried beans 
and other legumes (pulses), lentils, 
chickpeas; starchy roots and tubers 
such as potatoes and cassava; fungi 
such as fresh or dried mushrooms; 
freshly prepared or pasteurized non- 
reconstituted fruit and vegetable juices 
without added sugars, sweeteners or 
flavours; corn, wheat, oats or cassava 
unsalted, raw/dry roasted, ground nuts 
and seeds without added sugars; 
spices; fresh or dried herbs ; fresh, 
chilled, frozen meats, poultry, fish, and 
seafood whole or in cuts; dried, fresh, 
pasteurized full fat, low-fat, skimmed 
milk, fermented and plain yogurt 
without added sugar or artificial 
sweeteners; eggs; pasta, couscous and 
polenta made from flour and water; 
teas, coffee, herbal infusions; tap, 
filtered, spring, mineral water. 
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made from two or more items in this 
group i.e. granola made from cereals, 
nuts and dried fruits with no added 
sugar; and foods with added vitamins 
and mineral such as wheat or corn 
flour fortified with iron or folic acid. 
 
2 Processed culinary ingredients 
(PCI) 
 
Substances extracted and purified by 
industry from food constituents or 
obtained from nature. Preservatives, 
stabilizing or additives may be added. 
Processes include pressing, refining, 
grinding, milling and spray drying. 
Group 2 products are rarely consumed 
in the absence of group 1 foods. Also 
included are: products consisting of 
two group i.e. salted butter; group 2 
items with added vitamins or minerals 
i.e. iodised salt. 
Plant oils; animal fats; starches from 
corn or other plants; sugars and 
molasses made from cane or beet; 
maple syrup, honey; butter and lard 
obtained from milk and pork; salt. 
3 Processed (P) foods  
Manufactured by adding salt, sugar, 
oil or vinegar to foods to make them 
more durable or modify their 
palatability. Directly derived from 
foods and similar to the original 
foods. Most processed foods include 
two or three ingredients. Produced to 
be consumed as part of meals or 
dishes. Processes include canning and 
bottling, non-alcoholic fermentation, 
and methods of preservation such as 
salting, salt pickling, and curing. 
Canned or bottled vegetables and 
legumes preserved in brine or pickled; 
fruits preserved in syrup; tinned whole 
or pieces of fish preserved in oil; 
salted or sugared nuts or seeds; non- 
reconstituted salted or cured processed 
meat and fish such as ham, bacon, and 
dried fish; cheeses made from milk, 
salt, and ferments; and unpackaged 
freshly made breads made from flours, 
water, salt, and ferments; beer, cider, 
wine. 
4 Ultra processed (ULP) foods  
Formulated mostly or entirely from 
substances derived from foods or 
other organic sources. Typically, they 
contain little or no whole foods, and 
are durable, convenient, packaged, 
highly or ultra-palatable. Often 
unrecognisable versions of foods. 
Many ingredients are not available in 
retail outlets. Some ingredients are 
directly derived from foods, such as 
  oils, fats, starches, sugars or obtained  
Chips (crisps) and many other types of 
sweet, fatty, or salty packaged snack 
products; ice-cream, chocolates, candy 
(confectionery); French fries (chips), 
burgers and hot dogs; poultry and fish 
nuggets or sticks (fingers); mass- 
produced packaged breads, buns, 
cookies (biscuits); sweetened breakfast 
cereals; pastries, cakes, cake mixes; 
energy bars; preserves (jams), 
margarines and spreads; packaged  
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from hydrogenated oils, hydrolysed 
proteins, high fructose corn syrup, 
maltodextrin or synthesized from 
other organic sources such as casein, 
lactose, whey and gluten. The 
majority of ingredients are 
preservatives and other additives such 
as stabilizers, emulsifiers, solvents, 
binders, bulkers, sweeteners, sensory 
enhancers, colours and flavours, and 
processing aids. Designed to be 
consumed by themselves or in 
combination as snacks, or meals. 
Processes include fortification, 
hydrogenation, hydrolysis, extruding, 
moulding, reshaping, pre-processing 
by frying, baking. Included also are 
products made solely of group 1 or 
group 3 foods which also contain 
additives i.e. plain yoghurt with added 
artificial sweeteners and breads with 
added emulsifiers. 
desserts; canned, bottled, dehydrated, 
packaged soups, powdered and 
packaged ‘instant’ soups ,noodles, 
sauces and desserts; meat, chicken and 
yeast extracts (eg Vegemite™); 
carbonated drinks, energy drinks; 
sugar-sweetened milk drinks including 
fruit yogurts; fruit and fruit nectar 
drinks; no-alcohol wine, beer; pre- 
prepared meat, fish, vegetable, 
processed cheese, pizza, pasta dishes; 
infant formulas, follow-on milks, other 
baby products; ”health” and 
“slimming” products such as 
powdered or ”fortified” meal and dish 
substitutes; whisky, rum, gin, vodka. 
 
 
The AUSNUT 2011–13 nutrient database was developed by Food Standards 
Australia and New Zealand (FSANZ) to estimate nutrient intakes from the 2011– 
13 Australian Health Survey and foods are grouped according to a 2-digit, 3-digit 
or 5-digit food group (Food Standards Australia and New Zealand 2011–13). The 
first two numbers refer to the major food group to which a food belongs, based on 
a key ingredient (e.g. cereals and cereal products). The 3-digit food group falls 
within the 2-digit food group (e.g. regular bread and bread rolls). The 5-digit food 
code represents foods which are divided based on nutritional or manufacturing 
factors such as whether they contain saturated fat above or below a nominated 
value, are fortified, or are produced in a particular way (e.g. white bread and 
bread rolls). The 5-digit group then forms the basis of the survey ID (8-digit) 
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assigned to each food, beverage or ingredient (e.g. bread roll from white flour) 
(Food Standards Australia and New Zealand 2011–13). 
The total number of foods, beverages and ingredients provided at all centres over 
one week (5 days) was calculated. Foods and beverages that appeared in more 
than one recipe were counted multiple times in the total. Regarding the provision 
of milk, an average volume of milk was entered into FoodWorks per child per 
morning snack (e.g. 100 ml per 40 children = 4 L milk for centre 1 for Monday 
morning snack). Foods which were provided for desserts at lunchtime, were 
combined with the lunches (e.g. Spaghetti Bolognese and fruit and yoghurt) for 
analysis. 
Sodium analysis 
 
All foods, beverages and ingredients from the one week of recipes were entered 
into FoodWorks® Version 8 (Xyris Software; Brisbane Australia). The NOVA- 
AUSNUT 2011–13 classification system (O’Halloran et al. 2017a) was applied 
to each food, beverage and ingredient and the sodium contribution (per serving) 
from each processed food group was calculated. 
Sodium intake recommendations 
 
The mean total dietary sodium provided to children for one day was calculated 
from the standard serves of foods and beverages provided and was compared to 
the NH&MRC Upper Level (UL) of Intake for sodium of 1000 mg/d for children 
aged 1–3 years (e.g. lunch and 2 snacks to provide 50% of UL for sodium = 500 
mg sodium/day) (National Health and Medical Research Council 2006). 
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Statistical analysis 
 
All foods, beverages and ingredients were entered into a Microsoft Office Excel 
2013 spreadsheet and the proportions of MP, PCI, P and ULP were calculated. 
Descriptive statistics were used to describe the processed food group 
contributions to sodium. Analysis of variance (ANOVA) was used to assess the 
differences the average daily amount of sodium between LDC centres and in the 
mean sodium content between the four types of processed foods. Sidak post-hoc 
pairwise comparison was performed as a follow up comparison test. Analyses was 
conducted using STATA /SE 13.1 (Stata Corp LP, College Station, TX, USA) A 
p-value of <0.05 was considered significant. 
5.5 Results 
 
Centre menu characteristics 
 
The total number of children aged 1–5 years across the seven LDC centres was 
 
442. A total of 35 daily menus for 5 days (lunch n = 35, snacks n = 70) and 
recipes were assessed from the seven centres. Six of the seven centres provided 
pieces of fresh fruit (e.g. apple, bananas and pears) for morning snack with one 
centre providing muffins, pancakes/biscuits or ham and cheese rice cakes/biscuits 
for 3 mornings during the week. Afternoon snacks across the centres were either 
cooked from raw ingredients (e.g. scones; cookies; carrot cake) or consisted of 
processed foods (e.g. crackers and dips/cheese; raisin toast; bread and spreads); 
only one centre on one occasion, served fruit for afternoon snack. All lunches 
provided were cooked mixed dishes (rather than sandwiches) and consisted of a 
combination of fresh (e.g. vegetables) and manufactured foods/ingredients (e.g. 
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curry paste, stock powder). Desserts were provided as part of lunch 
and varied across the centres (e.g. fruit; yoghurt; apple pie; custard). 
At all centres, beverages consisted of full cream plain/whole milk 
which was served at morning snack every day or water which was 
available at all times. One-week menus for each centre are shown in 
Appendix C. 
Sodium content contribution from foods beverages and ingredients 
 
The average amount of sodium provided per child from all meals and 
snacks assessed from the recipe standard serves across all centres was 
633 mg/d (Table 5.2). Overall, across the seven centres, ULP foods 
contributed significantly to the average daily sodium amount (Figure 
5.2). 
Figure 5.2: Contribution of sodium from foods, beverages and 
ingredients provided at the seven long day care centres classified by 
the four processed food groups 
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Abbreviations: MP, minimally processed; PCI, processed culinary ingredient; P, 
processed; ULP, ultra-processed * p < 0.001 
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Level of food processing of food, beverage and ingredients 
 
Of all foods, beverages and ingredients provided to all centres over 5 days, 54% 
were MP; 21% were ULP; 15% were PCI; 10% were P. Across all centres the 
proportions of the four levels of processing and the average sodium served per 
child, per day varied (Table 5.2). Centre 3 provided the greatest average daily 
amount of sodium whereas Centre 6 provided the least (909 mg vs 468 mg, P = < 
0.001). The difference in the average daily amount of sodium was due to the type 
of ULP foods provided on more than one day at centre 3 (e.g. Vegemite™ (yeast 
extract), processed cheese and mass-manufactured breads/English muffins). 
Centre 7 provided a greater proportion of MP and the lowest proportion of ULP, 
which resulted in a low average daily sodium provision. 
Table 5.2: Proportion (%) of foods, beverages and ingredients and mean (SD) 
sodium per child, per day provided at seven long day care centres classified 
according to the processed food groups 
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Centre 2 Centre 3 Centre 4 Centre 5 Centre 6 Centre 7 Overall Centres Mean (SD) 
 % 
Na1 
Na 
mg2 
% 
Na1 
Na 
mg2 
% 
Na1 
Na 
mg2 
% 
Na1 
Na 
mg2 
% 
Na1 
Na 
mg2 
% 
Na1 
Na 
mg2 
% 
Na1 
Na 
mg2 % Na
1 Na mg2 
MP 54% 113 57% 162 49% 109 54% 204 56% 152 57% 105 52% 165 54(3)% 144(37) 
PCI 11% 6 8% 2 9% 0 18% 71 2% 5 7% 2 13% 3 10(5)% 13(26) 
P 18% 307 18% 268 17% 200 8% 121 10% 166 18% 218 20% 275 15(5)% 222(66) 
ULP 17% 254 17% 211 25% 600 20% 81 32% 362 18% 143 15% 126 21(6)% 254(179) 
Total 
Na 
mg/d 
  
680 
  
643 
  
909 
  
477 
  
685 
  
468 
  
569 
  
633(151) 
1% total sodium (mg)/d 2sodium mg/day from individual standard serves of lunch and two snacks (am and pm) 
Abbreviations: Na, sodium; MP, minimally processed; PCI, processed culinary ingredient; P, processed; ULP, ultra-processed 
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Level of processing of lunches and snacks 
 
The proportions of foods, beverages and ingredients (within the morning snacks, 
lunches and afternoon snacks provided), categorised according to the four 
processed food groups, indicate that all lunches were classified as MP (Table 5.3). 
The majority of morning snacks provided were classified as minimally processed 
(88%) in contrast to the afternoon snacks where almost half were classified as 
ULP, with close to a quarter classified as P. Notably afternoon snacks accounted 
for close to half the total sodium provided for the day, which was comparable to 
the proportion of daily sodium provided by lunch: 48% v 43%. 
Table 5.3: Proportion (%) of snacks and lunches classified as one of the four 
processed food groups and the mean amount of sodium provided during these 
meals at seven long day care centres 
 
Morning snack 
 
Lunch Afternoon snack 
Level of 
processing1 % Na mg
2 % Na mg2 % Na mg2 
MP 88% 61 (55) 100 265 (118) 30 86 (51) 
PCI 3% 2 (0.5)   6 17 (12) 
P 3% 2 (0.6)   23 66 (45) 
ULP 6% 4 (0.1)   41 117 (96) 
Total Na 
mg/d2 
  
69(57) 
  
265(118) 
  
286(110) 
% total Na 
mg/d 9% 
 
43% 
 
48% 
 
1MP, minimally processed; PCI, processed culinary ingredient; P, processed; 
 
ULP, ultra-processed 2  mean (SD) Abbreviation: Na: sodium 
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5.6 Discussion 
 
In this sample, the average daily contribution of sodium from all lunches and 
snacks provided at seven LDC centres, was 633 mg which represents 63% of the 
UL of intake of 1000 mg/d for sodium for 1–3 year olds (National Health and 
Medical Research Council 2006). Guidelines (Healthy Together Eating Advisory 
Service (HEAS)) recommend that the 2 snacks and lunch served at LDC should 
provide approximately 50% of daily nutrient requirements (Victorian State 
Government 2013). As Australian children have been found to consuming sodium 
in amounts well in excess of the UL (Australian Bureau of Statistics 2014), it 
would seem that an appropriate, achievable target would be to ensure that the 
sodium content of the foods provided on a daily basis at LDC centres does not 
exceed half of the UL for sodium e.g. 500 mg of sodium (National Health and 
Medical Research Council 2006; Victorian State Government 2013). Therefore 
although the sodium content of the food provided was on average 13% more than 
desirable, the sodium content of the foods was not excessive, particularly in 
context of results from the 2011–13 Australian Health Survey, where children 
aged 2–3 years were found to be consuming an average daily intake of ~1500 mg 
of sodium per day (one-and-a half times the UL) (Australian Bureau of Statistics 
2014). Finding a range of lower salt foods, particularly mid-meal snacks, is 
challenging even for these centres which are utilising the HEAS menu planning 
guidelines (Victorian State Government 2013) and utilise low sodium versions of 
different food products including canned vegetables and legumes. 
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When we assessed the level of processed foods and ingredients we found that 
overall only a small proportion of foods (21%) were classified as ULP (e.g. 
crackers, tortillas, Asian sauces, mass-manufactured bread, processed cheese, 
Vegemite™). It was also evident that most of the ULP ingredients were used in 
afternoon snacks such as crackers and dips and breads/crumpets/English muffins 
with spreads rather than main meals. It is important to note that lunch, the main 
meal of the day, provided less than half the daily sodium (43%), whereas 
afternoon snacks accounted for 48% of the daily sodium food provision. As such, 
more than 40% of all afternoon snacks were classified as ULP (e.g. pita and bean 
salsa dip, muffins with spreads, apple muffins). Importantly these ULP 
ingredients made the greatest contribution to the total daily amount of dietary 
sodium (40%) which is perhaps not surprising given that in developed countries, 
approximately three-quarters of dietary sodium comes from salt added during the 
manufacture of these types foods (James et al. 1987). Findings from two recent 
cross-sectional studies, have shown that ULP foods make a significant 
contribution to young children’s total dietary sodium intake. We have previously 
assessed the contribution from the level of processing to total daily sodium intake 
in a sample of Australian children aged 3.5 years and found that ULP foods 
contributed 48% of total daily sodium intake compared to P (35%) and MP (16%) 
foods (O’Halloran et al. 2016a) Similarly, utilising two days of dietary data, 
Sparrenberger et al found that, in 204 Brazilian children aged 2-10 years, ULP 
foods contributed 49% of total sodium, whereas MP foods contributed only 17% 
and PCI 35% (Sparrenberger et al. 2015). 
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Ultra-processed foods are industrially formulated and tend to be energy dense, 
with high levels of added sodium and/or sugars and there is a growing body of 
epidemiological evidence in adults (Mozaffarian et al. 2011; Romaguera et al. 
2011) and children (Rauber et al. 2015; Tavares et al. 2012) indicating an 
association between ULP foods and chronic disease. Cross-sectionally, the 
consumption of ULP foods has been associated with metabolic syndrome in 
Brazilian adolescents aged 12–19 years (Taveres et al. 2012). Furthermore, 
Rauber and colleagues found that ULP food consumption in Brazil at preschool 
age (3–4 years) was a predictor of increased lipid concentrations at primary 
school (7–8 years) (Rauber et al. 2015). There is also some evidence in high 
income countries that the consumption of ULP foods has displaced the 
consumption of meals/dishes prepared from MP foods (Pan American Health 
Organization 2015). 
In our sample of seven LDC centres, across one week, the majority of morning 
snacks were classified as MP, as a variety of fresh fruits and full fat cow’s milk 
were served during these times and as such provided less than 10% of the total 
daily sodium provision. There was only one centre that provided ULP as morning 
snacks on three occasions but on the majority of other times morning snacks were 
MP. More ULP foods (41%) were provided as afternoon snacks across all centres. 
Therefore there is scope for LDC centres to reduce exposure of high salt foods on 
these occasions. 
All lunches were classified as MP (e.g. lasagne, chicken and vegetable spaghetti, 
lamb and apricot chick pea curry) which were prepared from a majority (> 60%) 
Chapter 5: Ultra-processed foods in long day care 
158 
 
 
 
 
 
of MP ingredients (e.g. fresh vegetables, meats, pasta, rice or couscous) and 
contributed less than one quarter of total daily sodium provision (23%). 
According to the NOVA processed food classification system, which 
distinguishes freshly prepared dishes from manufactured products, MP foods are 
natural plant-based foods which do not contain added substances such as salts, 
fats oils or sugars and are altered by processes such as pasteurisation, grinding or 
filtering which only remove inedible or unwanted parts (Monteiro et al. 2016; 
National Health and Medical Research Council 2013). It is the consumption of 
MP foods, such as fresh fruit and vegetables, throughout childhood which are 
important as higher intakes may reduce the risk of childhood obesity (Epstein et 
al. 2008) and stroke (Ness et al. 2005) and cancer risk later in life (Maynard et al. 
2003). It is therefore encouraging that the main meal and morning snacks 
provided at LDC centre, are primarily based on MP foods. 
A key factor in keeping the total sodium content of the meals low at these centres 
was the provision of cooked lunches rather than sandwiches, which in Australia, 
are often provided in school children’s home-prepared packed lunches or are 
available for purchase at school canteens (Sanigorski et al. 2005). These 
lunchtime sandwiches are typically composed of processed foods such as bread, 
cheese and ham (Sanigorski et al. 2005) which according to the recent Australian 
Health Survey 2011–13 are key sources of sodium in school-aged children, 
contributing together ~26% of total daily sodium (Australian Bureau of Statistics 
2014). Hence the transition from preschool to primary school likely represents an 
important time when children are exposed to more sodium-dense foods. It is 
therefore important to limit this shift from low to high sodium dense foods during 
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this time. Effective strategies are likely to involve education programs for parents 
on how to select low sodium food choices as well as food industry led salt 
reduction policies to reduce sodium in the food supply. 
Within our sample, 15% of the food, beverage and ingredients were classified as 
P and contributed 35% of total sodium. The foods that fell into this category 
tended to be canned goods which were nutritionally rich and were low-sodium 
varieties (e.g. canned tomatoes, fish and legumes). It should be noted that all 
surveyed centres had voluntarily implemented the policy of choosing these 
low/reduced salt or no added salt packaged products and limited the use of ham or 
bacon to once or twice a week (National Health and Medical Research Council 
2013) as set out in the HEAS menu planning guidelines (Victorian State 
Government 2013) (which are informed by the Australian Dietary Guidelines 
(ADG) (National Health and Medical Research Council 2013). It is therefore 
likely that the contribution to sodium from P foods would have been greater if the 
centres within our sample had not followed the HEAS guidelines recommending 
the provision of low-sodium packaged products. 
Strengths and limitations 
 
We have used a previously tested NOVA-AUSNUT 2011–13 classification 
system which allows assessment of all food, beverages and ingredients according 
to four levels of processing and the contribution of sodium from each level in 
sample of Australian preschool children (O’Halloran et al. 2016a). Furthermore, 
the analysis of five days of recipes from each centre allowed for the assessment of 
typical foods, beverages and ingredients provided to children at these settings on a 
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regular basis. However, our analysis provides information only on the provision 
rather than the consumption of processed foods and beverages at these settings. 
We did not measure the actual sodium content of food served and relied on food 
composition tables to determine the amounts of sodium provided. In addition, our 
sample was subject to selection bias as all seven LDC centres participated in the 
workshop provided by Nutrition Australia and adhered to the Healthy Together 
Eating Advisory Service menu planning guidelines (Victorian State Government 
2013). Thus our findings cannot be generalised to other Australian LDC centres. 
Nevertheless, these data show the best case scenario regarding the provision of 
ULP foods and their contribution to total sodium. It would be interesting to assess 
the sodium content of the foods provided in LDC centres which did not follow the 
guidelines as they may provide less MP foods and a greater proportion of ULP 
foods. 
5.7 Conclusion 
 
We have categorised and assessed foodstuffs provided at Australian LDC centres 
according to four levels of food processing and assessed the contribution of 
sodium from each level of processing and found that all lunches were classified as 
MP. Ultra-processed foods contributed the greatest proportion of sodium, despite 
accounting for only 20% of foods and beverages provided. The average amount of 
sodium provided per child/day across all centres represented 63% of the 
recommended Upper Level (UL) of intake for sodium for this age group. 
However a significant proportion of ULP snack foods were included which were 
the major contributor to total daily sodium intake.  All centres followed the HEAS 
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menu planning guidelines and used low/reduced salt products which resulted in a 
relatively low level of use of P foods.  A reduction in the use of ULP foods used 
to prepare afternoon snacks is recommended to help reduce the amount of dietary 
sodium in young children’s diets. 
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Chapter Six: Sodium content of lunches and snacks 
provided in Australian long day care centres: A 
cross-sectional study 
6.1 Preface 
 
Preschool children are consuming excessive amounts of sodium. However, it is 
currently unknown how much sodium is provided and consumed from the foods 
served at LDC. 
The text in this Chapter was submitted to the Journal of the Academy of Nutrition 
and Dietetics on 31 March 2017 and is currently under review. 
O'Halloran, SA, Lacy, KE, Grimes, CA, J, Campbell, KJ, Nowson, CA 2017, ' 
Sodium content of lunches and snacks provided in Australian long day care 
centres: A cross-sectional study', under review 
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6.2 Abstract 
 
Background: Approximately half of Australian preschool children attend Long 
Day Care (LDC). Lunch and morning and afternoon snacks are regularly provided 
at these settings and children may typically consume half of their total daily 
energy and nutrient requirements whilst in LDC. 
Objectives: To determine the average amount of sodium provided in lunches and 
snacks and the average amount of sodium consumed at lunch in a sample of 
Australian preschool children attending LDC. 
Methods: A convenience sample of children attending LDC from the Geelong 
Region. Sodium content of lunches and snacks was determined from LDC centre 
standardised recipes. Individual children’s sodium intake was estimated by a 
validated visual plate waste scale method on one lunch day. 
Results: Recipes from five randomly (lunch n = 35, snacks n = 70) were collected 
from 7 LDC centres, and 95 children (50 boys) mean age 3.5 (SD) (0.2) years 
lunch intakes were assessed. The average total amount of sodium provided from 
two snacks and one lunch was 590 (146) mg, representing ~59% of the Australian 
Upper Level (UL) of intake (1000 mg/d sodium) recommended for 1–3 year olds. 
The average total amount of sodium consumed was 541 (98) mg representing 
~54% of the UL. Across all centres the average sodium and energy consumed 
from lunch: 186 (108) mg (~19% of UL) and 948 (437) kJ (38% of energy 
allowance); morning snacks: 63 (45) mg (6% of UL), 535 (183) kJ (21% of 
 
energy allowance); afternoon snacks: 291 (97) mg (29% of UL), 464 (171) kJ 
energy (46% of energy allowance). 
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Conclusion: Australian LDC centres providing lunches, cooked on site resulted in 
relatively low sodium lunches, which were acceptable to children and enabled 
their dietary sodium intake to remain close to half of recommended upper limit 
for sodium whilst in care. 
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6.3 Background 
 
High dietary sodium intake is associated with high blood pressure (BP) (He and 
MacGregor 2006). Elevated BP follows a tracking pattern across the lifespan 
(Chen and Wang, 2008; Tirosh et al. 2010; Toschke et al. 2010) and children who 
have raised BP are at increased risk of developing high BP and cardiovascular 
disease (CVD) as adults (Lauer and Clarke 1989). Reported average sodium 
intakes amongst children aged 1–5 years from economically developed countries 
such as the United Kingdom and United States are commonly high (1656 mg/d 
and 2070 mg/d, respectively) and most children’s intakes exceed dietary 
recommendations (Brown et al. 2009). Dietary sodium intakes in Australian 
children aged 2–3 years have been estimated to be approximately 1500 mg/d (3.8 
g salt/d) (O'Halloran et al. 2016a; Australian Bureau of Statistics 2014) which 
exceeds the daily Upper Level (UL) of intake of 1000 mg/d by 50% for 1–3 year 
olds (National Health and Medical Research Council 2006). In addition to raised 
BP, exposure to highly salted foods early in early life may also contribute to 
increased salt preference (Campbell et al. 2014) and in turn may result in a 
habitually high salt diet persisting across life (Cowart and Beauchamp 1986; Stein 
et al. 2012). It is therefore important to begin lower salt eating patterns in early 
childhood. 
In westernised countries the rising trend for women to return to work has resulted 
in increasing utilisation of out of home care (Australian Bureau of Statistics 
2014). Approximately half of Australian preschool children attend Long Day Care 
(LDC) centres (Australian Bureau of Statistics 2015a), where they may typically 
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consume half of their daily nutrients. As such these setting play a potentially 
important role in children’s nutritional health. In recognition, a National Quality 
Framework sets Australian quality standards for early childhood and care and 
stipulates that food and drinks provided by early childhood centres are nutritious 
and appropriate for each child (Council of Australian Governments 2009). Within 
this standard there are no specific quantified recommendations for the amounts or 
types of foods that should be provided. Currently it is unknown how States and 
Territories across Australia ensure food and beverages provided at LDC centres 
meet this standard (Cole et al. 2017). However, within the State of Victoria, the 
Healthy Together Eating Advisory Service (HEAS), a State Government service, 
together with Nutrition Australia (Victorian State branch) has developed ‘The 
Menu Planning Guidelines’ for Victorian LDC centres (Victorian State 
Government 2013). These HEAS menu guidelines are based on the National 
Health and Medical Research Council’s (NH&MRC) Australian Dietary 
Guidelines (ADG) (National Health and Medical Research Council 2013) and 
recommend that the provision of lunch and morning and afternoon snacks to 
children aged 1–5 years should provide 50% of total daily energy and nutrient 
requirements (National Health and Medical Research Council 2006; Benjamin 
Neelon and Brile 2011; Victorian State Government 2013). Nutrition 
Australia/HEAS also offer a LDC menu review service where experienced 
nutritionists and dietitians evaluate LDC centre menus and recipes to ensure they 
meet the ADG. Nutrition Australia also offers an interactive workshop, which 
provides information on developing menus that meet ADG and nutrition 
requirements for preschool children. 
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Although Victorian LDCs are guided by the HEAS menu guidelines (Victorian 
State Government 2013), there is no statutory requirement to adhere to the 
guidelines. Given the potential health impacts of sodium in children’s diets and 
the fact that many children spend substantial periods in care (Australian Bureau of 
Statistics 2014) it is important to assess the sodium content of the foods provided 
at LDC and the amount consumed by children. A few studies from the United 
States have reported that foods served at child care settings are high in sodium 
(Maalouf et al. 2013; Oakley et al. 1995). However, to date there is no 
information regarding the amount of sodium provided at Australian LDC centres. 
Therefore, this study aimed to determine the following i) the average amount of 
sodium provided in lunch and snacks and ii) the average amount of sodium 
consumed at lunchtime in a sample of Australian preschool children attending 
LDC. 
6.4 Methods 
 
Study design and participants 
 
We sought to recruit 100 children aged 3–4 years. Informed by other dietary 
studies (Ball et al. 2008; Padget and Briley 2005) and this number was considered 
sufficiently large to provide dietary data representative of children attending 
LDC. Centres were eligible to participate if a cook worked onsite, meals were 
provided to all children in care, and a conventional food system (raw food 
purchased and transformed into the final product for service) was used. To 
achieve this sample, LDC centre managers in the City of Greater Geelong (a 
regional city in the state of Victoria of ~200,000 inhabitants) were purposively 
168 
Chapter 6: Sodium provision in long day care 
 
 
 
 
 
selected (those centres within a distance of 35 km from the University). When 
centre managers declined to participate, another centre within the region was 
approached. This continued until the target number of centres seven was reached. 
Thirteen LDC centres (of a possible 42) were approached and seven agreed to 
participate (response rate 54%) Six centres (5 privately operated, 1 local 
government operated) declined to participate. The reasons cited reflected time 
scarcity (n = 2) and disinterest (n = 4). Ethical approval was obtained from the 
Deakin University Human Research Ethics Committee (ID number: HEAG-H 
90/2015). 
An initial phone call to centre managers, gathered information on the number of 
3–4 year old children attending the centre together with information on the 
facilities for food preparation and cooking practices. Managers of centres who 
prepared food on-site and who expressed interest participated in a face-to-face 
meeting with researcher at the centre. At this meeting managers provided 
information on their use of menu planning guidelines if menu reviews had been 
conducted and if staff had attended the Nutrition Australia menu planning 
workshop. 
One week of recipes were collected from each of the centre cooks on the day of 
data collection. Although centre lunch recipes included suggested servings per 
child (e.g. chicken fried rice recipe to serve 18 children) these servings differed 
from what was actually provided, thus we have included data on the recipe 
suggested serving size as well as the observed portion provided to children, as 
described below. 
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Observational data collection 
 
Observational data of food intake was collected from children aged 3–4 years 
over one lunchtime period at each of the seven LDC centres. 
Lunch meals were served using one of two systems: 
 
1. Teacher-served lunch (5 centres) 
 
A pre-portioned meal was served onto each child’s plate by the teacher and all 
children ate together. On request, second or third serves of lunch were portioned 
by the teacher. 
2. Self-served lunch (2 centres) 
 
Children decided when they were ready to eat over the lunchtime period and 
served themselves from the serving dish of lunch placed on the table. Second and 
third serves were permitted once all children at the table had finished their first 
serve and were portioned by the children. 
Across all centres dessert was provided after children had completed their lunch 
meal. When the dessert was fruit children served themselves. When the dessert 
was yoghurt or custard a pre-portioned serve was provided by the teacher. 
Estimating the portion of lunch provided 
 
For centres where staff pre-plated lunch meals, the average weight of the first 
serve of the pre-portioned plated lunches was calculated from three randomly 
selected, sample portions (weighed to the nearest 1 g (calibrated scales UWE- 
2500). This estimated average weight of the initial serving of lunch dishes was 
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summed with the actual weight of second and third helping to calculate the 
average weight of lunch dishes served and consumed, such that when children 
requested a second or third serving, their actual portion size was weighed and 
recorded and added to the average initial serving weight of the lunch dish. (Table 
6.1). For centres where children served themselves the average weights of the 
initial servings of self-served lunches were calculated from the average of three 
sample child-served portions and the actual weight of subsequent serves added to 
this to give total serving weight of lunch dishes. 
Table 6.1: An example of the derivation of estimated total portion weight of lunch 
per child and the average portion weight per child per centre 
 
Child Average 
serving size 
per child 
(g) 
Actual 
weight of 
second 
serving (g) 
Actual 
weight of 
third 
serving (g) 
Total 
portion 
weight of 
lunch per 
child (g) 
1 165 0 0 165 
2 125 118 0 243 
3 125 120 122 367 
Average portion 
weight/child/centre 
(g) 
138 238 122 258 
 
Photographing lunch portions 
 
To identify each child’s portion size of lunch and dessert a unique identifying 
number was assigned to each child and their plated lunch and dessert were 
digitally photographed prior to and following consumption. 
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Estimating the amount of lunch consumed 
 
The amount of lunch consumed by each child was estimated from the average 
portion weight/child/centre lunch less the estimated amount left on the plate 
(determined from the photographed plate waste and using the validated plate 
waste method (Sherwin et al. 1998) (Table 6.2). 
For example: 
 
100 g (average portion weight/child/centre) – 25% left on plate = 75 g lunch 
consumed. 
Table 6.2: Visual plate waste seven-point scale representing percent waste used to 
estimate the amount of lunch consumed (Sherwin et al. 1998) 
 
Plate waste Percentage 
None left 0 
One mouthful left 10 
¼ left 25 
½ left 50 
¾ left 75 
One mouthful eaten 90 
All left 100 
 
Estimating the amount of sodium and energy from morning and afternoon 
snacks provided 
The amount of sodium and energy provided and consumed at lunchtime on the 
day of data collection were determined using the recipes provided by each centre, 
using the average portion size of the meals the children received or plated 
themselves and the amount consumed estimated from individual children’s plate 
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waste. The average amounts of sodium and sodium density for each food item 
provided and consumed were assessed. 
Dietary analysis of foods and ingredients used in recipes for the day of 
observation and for lunches, morning and afternoon snacks for one week 
(Monday-to-Friday) was performed using the dietary analysis program 
FoodWorks® (Xyris Software; Brisbane Australia). The average amount of 
sodium and energy, and energy density served and consumed at lunch was 
estimated on the day of observation expressed as an individual daily intake. 
Additionally an estimate of the weekly average total amount of nutrients 
consumed for an individual child on one day was calculated using the average 
proportion of lunch consumed summed with the portions of snack served, 
assuming that 100% of snacks provided were consumed. 
Comparison with sodium intake recommendations 
 
The amount of sodium provided and consumed per day per child from lunch and 
morning and afternoon snacks was compared with the National Health and 
Medical Research Council (NH&MRC) Upper Level of Intake (UL) for sodium 
of 1000 mg/day (salt equivalent 2.5 g/day) for children aged 1–3 years (National 
Health and Medical Research Council 2006) (e.g. lunch and 2 x snacks to provide 
50% of UL for sodium = 500 mg sodium/day) 
Estimate Energy Requirements (EER) 
 
The Physical Activity Level (PAL) of 1.55, used as the cut-off limit in the 2007 
Australian National Children’s Nutrition and Physical Activity Survey, (Ageing) 
was utilised to determine the recommended Estimated Energy Requirement 
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(EER) of 5250 kJ/d for boys and 4900 kJ/d for girls aged 3 years (National Health 
and Medical Research Council 2006). The average EER of these two values (5000 
kJ/d) was used to compare children’s estimated energy provided and consumed at 
LDC (i.e. lunch and 2 x snacks to provide 50% of total energy requirements = 
2500 kJ energy/day) to recommendations. 
Statistical analysis 
 
Descriptive statistics (mean (SD)) were used to describe sodium, sodium density 
and energy provided and consumed. Analysis of variance (ANOVA) was used to 
assess the differences in the average sodium and sodium density provided and 
consumed between lunch, morning, and afternoon snacks. Sidak post-hoc 
pairwise comparison was undertaken when ANOVA results indicated a 
significant difference across meal times. Sodium density was calculated as 
mg/MJ. Statistical analysis was performed using Stata14 software (Release; Stata 
Corp LP, College Station, TX, USA). A p-value of <0.05 was considered 
significant. 
6.5 Results 
 
Children attending LDC 
 
A total of seven LDC centres were recruited to participate in the study (council 
owned n = 5; privately owned n = 2). The teacher-served lunch system was used 
at five of the seven centres. Ninety-five preschool children aged 3–4 years were 
observed across the seven LDC centres over one lunchtime period. The average 
age of the participants was 3.5 years (SD 0.2) with a relatively even distribution 
of gender (boys 53%). 
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Long day care centre menus 
 
Nutrition Australia/HEAS reviewed recipes and menus from all seven centres. All 
centre managers and cooks voluntarily attended the Nutrition Australia workshop 
and ultilised the HEAS menu planning guidelines. Five-days of recipes (lunch n = 
35, snacks n = 70) were collected from centres (Appendix C). Over 5 days, six of 
seven centres provided pieces of fresh fruit for morning snack (i.e. apple, bananas 
and pears), while one centre provided muffins, pancakes, biscuits, rice cakes with 
ham and cheese for morning snack. This was offered at that centre three times 
during the week (or 3 of 5 days assessed) while fruit was provided on the other 
two days. Afternoon snacks across the centres were either cooked from raw 
ingredients (e.g. scones; cookies; carrot cake) or consisted of manufactured items 
(e.g. crackers and dips/cheese; raisin toast; bread and spreads); one centre 
provided fresh fruit for afternoon snack. All lunches comprised cooked mixed 
dishes, and dessert varied across the centres (e.g. fruit; yoghurt; apple pie; 
custard). Drinking water was the only drink provided across all centres. 
Sodium, sodium density and energy provided from lunch and snacks 
 
The average total amount of sodium, sodium density and energy provided to 
children from all lunches and snacks across all centres was 590 (SD) (146) mg, 
774 (156) mg/MJ and 2352 (453) kJ respectively. Across all centres afternoon 
snacks had the highest sodium 291 (97) mg which was almost twice sodium 
density 464 (171) mg/MJ (p = 0.001) from lunch: 194 (55) mg/MJ whereas the 
sodium density of the morning snack was lower 116 (46) mg/MJ (Table 6.3). 
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Table 6.3: The average (mean (SD)) sodium (Na mg) and energy (kJ) provided to children over a five-day menu cycle, from morning 
snack (MS), lunch and afternoon snack (AS) at seven long day care centres 
 
 Morning snack Lunch Afternoon snack    
 Na 
(mg) 
Na 
density 
(mg/MJ) 
Energy 
(kJ) 
Na 
(mg) 
Na 
density 
(mg/MJ) 
Energy 
(kJ) 
Na 
(mg) 
Na density 
(mg/MJ) 
Energy 
(kJ) 
Total 
sodium 
(mg) 
Total 
energy 
density 
(mg/MJ) 
Total 
energy 
(kJ) 
Centre 
1 1 
40 (0.5) 94 (4) 428 (17) 135 (82) 194 
(126) 
919 (134) 386 (335) 660 (478) 612 (206) 561 943 1759 
Centre 
2 
50 (0.9) 113 (7) 437(25) 220 (61) 140 (52) 1614 (208) 331 (199) 537 (302) 578 (118) 601 789 2629 
Centre 
3 
40 (0.7) 97 (11) 427 (66) 419 
(308) 
297 
(164) 
1333 (249) 389 (188) 586 (182) 642 (222) 848 985 2402 
Centre 
41 
166 
(55) 
219 (29) 936 
(330) 
66 (68) 151 
(112) 
433 (145) 154 (147) 174 (123) 824 (394) 386 560 2193 
Centre 
5 
48 (1) 89 (5) 557 (32) 164 (60) 152 (24) 1093 (396) 357 (219) 516 (180) 652 (238) 569 757 2302 
Centre 
6 
49 (0.7) 100 (9) 495 (53) 220 
(124) 
203 
(154) 
1205 (410) 220 (109) 482 (356) 900 (593) 489 773 2600 
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Centre 
7 
51 (0.8) 105 (7) 468 (34) 429 
(168) 
420 
(110) 
1415 (650) 199 (43) 292 (77) 697 (111) 679 609 2580 
Averag 
e 
across 
centres 
63 (45) 116 (46) 535 
(183) 
236 
(139) 
194 (55) 1116 (543) 291 (97) 464 (171) 701(118) 590 
(146) 
774 (156) 2352(45 
3) 
1Self-serve centre 
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Sodium, sodium density and energy consumed from lunch and snacks 
 
Children on average consumed 96% of energy sodium provided. The average 
total sodium, sodium density and energy consumed by children from all lunches 
and snacks across all centres was 541 (SD 98) mg, 774 (129) mg/MJ and 2184 
(236) kJ respectively (Table 6.4). 
 
The amount of energy consumed at lunch is 45% of energy allowance for the age 
group compared to 28% provided by afternoon snacks. When assessing the 
average amount of sodium consumed at lunch, this was ~24% of the UL for 
sodium compared to afternoon snacks, which provided 29%. 
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Table 6.4: The estimated average amount of sodium (Na) and energy consumed at lunch on the observation day combined with amount of 
sodium provided from morning snack (MS), lunch and afternoon snack (AS) 2 at seven long day care centres (mean (SD)) 
 Morning snack Lunch Afternoon snack    
 Na 
(mg) 
Na 
density 
(mg/MJ) 
Energy 
(kJ) 
Na 
(mg) 
Na 
density 
(mg/MJ 
) 
Energy 
(kJ) 
Na 
(mg) 
Na density 
(mg/MJ) 
Energy 
(kJ) 
Total 
sodium 
(mg) 
Total Na 
density 
(mg/MJ) 
Total energy 
(kJ) 
Centre 1 
1 40 
(0.5) 
 
94 (4) 
 
428 (17) 
118 140 842 386 
(335) 
660 (478) 612 
(206) 
 
544 
 
894 
 
1882 
Centre 2 50 
(0.9) 113 (7) 437(25) 
180 121 1489 331 
(199) 
537 (302) 578 
(118) 561 771 2504 
Centre 3 40 
(0.7) 97 (11) 427 (66) 
213 266 799 389 
(188) 
586 (182) 642 
(222) 642 949 1868 
Centre 41 166 
(55) 219 (29) 936 (330) 
66 151 433 154 
(147) 
174 (123) 824 
(394) 386 544 2193 
Centre 5 48 (1) 89 (5) 557 (32) 162 160 1011 357 (219) 
516 (180) 652 
(238) 567 765 2220 
Centre 6 49 
(0.7) 100 (9) 495 (53) 
167 196 850 220 
(109) 
482 (356) 900 
(593) 436 778 2245 
Centre 7 51 
(0.8) 105 (7) 468 (34) 
400 329 1215 199 (43) 292 (77) 697 
(111) 650 726 2373 
Average 
across 
centres 
63 
(45) 116 (46) 535 (183) 
186 
(108) 
194 
(70) 
948 (437) 291 (97) 464 (171) 701(118) 541 (98) 774 (129) 2184 (236) 
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6.6 Discussion  
 
This study aimed to determine the average amount of sodium provided in lunch 
and snacks, and the sodium consumed from lunch in sample of Australian 
preschool children attending LDC. In this sample of seven Australian LDC 
centres, the average sodium provided across all lunches and snacks was slightly 
higher (59%) and the total energy slightly lower (48%) than recommendations 
(Victorian State Government 2013). Children consumed on average 96% of lunch 
provided.  Hence, the average total amount of sodium and energy consumed 
across one day of data collection was on average, less than that provided. This 
represented ~54% of the UL of intake of 1000 mg/d for sodium for 1–3 year olds 
and 87% of the recommended 5000 kJ EER for children aged 3 years. The 
Healthy Together Eating Advisory Service (HEAS) recommends that the 2 snacks 
and lunch served at LDC should provide approximately 50% of daily nutrient 
requirements (Victorian State Government 2013). As sodium is the only nutrient 
for which excess intakes are the concern rather than inadequate intakes, an 
achievable target would be to ensure that the sodium content of the foods 
provided daily at LDC centres, does not exceed half of the UL for sodium e.g. 
500 mg of sodium (National Health and Medical Research Council 2006). Given 
that national survey data has shown that Australian preschool children’s sodium 
intakes are high and exceed the UL by one and half times, the sodium content of 
the food provided at LDC centres, although slightly higher than the UL was not 
excessive. It was clear that cooking from fresh low sodium ingredients resulted in 
a lunch with a relatively low sodium content which is in contrast to the afternoon 
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snack which included a number of processed foods, raising the sodium intake to a 
higher level. 
Consistent with the Australian Dietary Guidelines (ADG) (National Health and 
Medical Research Council 2013), the HEAS menu planning guidelines stipulate 
that the addition of salt during cooking or at the table should be avoided in LDCs 
and that low /reduced salt or no added salt packaged foods (e.g. sauces, stock or 
canned products) should be used during cooking (Victorian State Government 
2013). The menu guidelines further note that ham and bacon, (which contribute 
substantially to Australian children’s dietary sodium intakes (Australian Bureau 
of Statistics 2014), should be limited to less than twice a week and that sausages, 
frankfurts and salami, and discretionary food items (e.g. chips and savoury 
snacks), should also be avoided (National Health and Medical Research Council 
2013; Victorian State Government 2013). Importantly all centres in our study had 
voluntarily applied the HEAS guidelines (Victorian State Government 2013) 
recommendation to use low/reduced salt or no added salt packaged products such 
as low-sodium canned varieties of tomatoes, fish and legumes, stock cubes and 
had limited the use of cured meats to once or twice a week during the preparation 
of lunch and afternoon snacks. This is important as according to a systematic 
review of the sodium content of processed foods on the Australian market, 
processed meats contain the second highest mean sodium content (846 mg/100 g) 
(after sauces spreads). In addition, the sodium content of canned products can 
vary ranging from 0 mg to 782 mg/100g for canned vegetables and legumes and 
from 47 mg/100 g 1170 mg/100 g for canned fish (Webster et al. 2010). Selecting 
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lower sodium alternatives for use at LDC can therefore likely make a difference 
to the amount of sodium preschool children consume over the course of the day. 
The average amount of sodium provided per child from lunches was 236 (139) 
mg representing ~24% of the UL of intake for sodium. Although there is no 
guidance as to how the UL of 1000 mg/d for sodium should be apportioned over 
three meals and snacks, as a proportion of the UL it is reasonable to assume one 
quarter of the recommended 1000 mg/d (i.e. ~250 mg) for each of breakfast, 
lunch, dinner and collectively three snacks. Hence, this average sodium from the 
provided lunches is slightly lower than 25% of the UL for sodium.  These levels 
of sodium were achieved because lunches were made from raw ingredients (e.g. 
lasagne; chicken curry; ten vegetable pasta bake) which included a variety of 
fresh or frozen vegetables (e.g. tomatoes, carrots, pumpkin). These ingredients are 
naturally low in sodium (Food Standards Australia and New Zealand 2011–13) 
and therefore resulted in lunch dishes with lower average sodium contents (lowest 
was 66 (68) mg). Only in two of the seven centres did the sodium content (~ 400 
mg/d) of the lunch consumed exceeded 250 mg (quarter of the UL) which was 
driven by the use of high sodium ingredients such as taco seasoning and 
Worcestershire sauce™. 
It is also important to note the frequent use of fresh foods in recipes utilised in 
LDC lunches are different to the foods children receive once they start primary 
school. Australian school children frequently either bring home prepared 
sandwiches or purchase them from the school canteen. Sandwiches often consist 
of bread, cheese and ham (Sanigorski et al. 2005) which are key sources of 
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sodium in school aged children contributing together ~26% of total daily sodium 
(Australian Bureau of Statistics 2014). In addition, findings from a cross-sectional 
study of national survey data revealed that amongst children aged 6–16 years 
lunch was the most sodium dense meal of the day (363 mg/MJ) compared to 
dinner and breakfast (Grimes et al 2017 in press). The transition from preschool  
to primary school therefore represents an opportunity to limit the shift from low to 
high sodium dense foods, which likely could be achieved by strategies such as a 
comprehensive reformulation of lower sodium foods (He et al. 2014) and 
providing parents with ideas for lower salt lunch options. 
Of the two snacks and lunches provided, afternoon snacks provided the highest 
average amount of sodium (291 (97) mg) (29% of the UL) and sodium density 
(464 (171) mg/MJ) across the seven centres. Snacks at the majority of centres in 
this study comprised relatively highly salted foods including cheese and ham, rice 
crackers, tomato and cheese pizzas, toast/English muffins/crumpets with cheese 
and Vegemite™ (highly salted yeast spread) (only one centre on one occasion, 
provided fruit for afternoon snack). One centre provided a range of processed 
foods such as ham and cheese rice crackers, muffins and pancakes for morning 
snack on five occasions and consequently morning snacks at this centre provided 
an average amount of sodium (166 (45) mg) which was approximately three times 
higher than morning snacks provided at the other six centres.  This indicates that 
it is challenging to provide a range of lower salt foods for mid-meal snacks even 
for these centres, which applied the HEAS menu planning guidelines (Victorian 
State Government 2013) and provides evidence affirming the need to reduce the 
amount of sodium in the food supply. Furthermore, a number of ingredients used 
Chapter 6: Sodium provision in long day care 
183 
 
 
 
 
 
in afternoon snacks were breads, cheese, ham and crackers, which according to 
the 2011–13 AHS are major sources of dietary sodium in children aged 2–3 years 
contributing to up to 16% of total daily sodium intake (Australian Bureau of 
Statistics 2014). These ingredients can taste salty and may have an effect on 
increasing children’s taste preference for salty foods leading to a lifetime avidity 
for salt (Cowart and Beauchamp 1986; Stein et al. 2012). Hence afternoon snack 
time represents an opportunity to reduce preschool children’s exposure of high 
salt foods by providing them with more fresh foods (e.g. vegetable sticks served 
with homemade dips made at the centres) and less cheese and crackers. 
In our sample, we found that morning snacks contributed the least amount of 
sodium (63 (45) mg) (6% of the UL) and were the least sodium dense (116 (46) 
mg/MJ) as most of these foods included a variety fresh fruits and cow’s milk. 
According to the 2011–13 Australian Health Survey fresh fruit and dairy milk 
contributed only moderate amounts to total dietary sodium intakes in children 
aged 2–3 years (~7% and 0.3% respectively) (Australian Bureau of Statistics 
2014). Moreover, these foods were the main contributors to dietary potassium in 
young Australian children’s diets, and provided together ~40% of total dietary 
potassium. Throughout childhood, potassium is a key moderator of blood 
pressure and longitudinal studies have shown that a higher intake of potassium is 
associated with lower systolic blood pressure (Geleijnse et al. 1990; Shi et al. 
2014). Furthermore, the ADG recommends one serve of fruit and one serve of 
dairy for children aged 2–3 years (National Health and Medical Research Council 
2013) as important sources of dietary potassium. Our findings were in good 
agreement with a previous cross-sectional study which found that the majority of 
Chapter 6: Sodium provision in long day care 
184 
 
 
 
 
 
Australian LDC centres provided the recommended servings of fruit and dairy 
(i.e. one serve/d) (Yoong et al. 2014). However, in contrast data from the United 
States found that children were served inadequate amounts fruit (Ball at al. 2008; 
Padget and Briley 2005) and foods served at snack time were high in fat (Ball et 
al. 2008; Maalouf et al. 2013) and added sugars (Copeland et al. 2013). It is 
therefore reassuring that most morning snacks provided in this sample Australian 
LDC centres who have the facilities and staff to prepare foods, are based 
principally on fresh fruits and milk. 
Strengths and limitations 
 
The analysis of five days of recipes from each centre allowed for the assessment 
of typical foods, beverages and ingredients provided to children at these settings 
on a regular basis.  However, we did not measure the actual sodium content of 
food served and relied on recipes and reports from the cooks relating use of salt 
and it would be useful to undertake some chemical analysis of the salt content of 
these meals to confirm these findings. It is acknowledged that there are variations 
in the nutrient content across different brands of foods, particularly for sodium 
and not all branded food items were included in the food database. Similar but not 
exact branded products were used in the analysis. We also used just one day of 
observational dietary data to assess the amounts of sodium and energy actually 
consumed, although it seems unlikely, the amount of food consumed by the 
children on the day of observation could have been different from the other days, 
although we did capture large inter- individual variations in intake. Our findings 
cannot be generalised to other Australian LDC centres as all seven LDC centres 
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adhered to the HEAS menu planning guidelines (Victorian State Government 
2013). It is possible that LDCs who consented to participation in this study were 
more interested in providing foods that met national standards than those that did 
not. As such these data are likely to present the best case scenario regarding the 
contribution to total sodium intake. It is likely that centres that do not participate 
in programs that promote healthy eating will have substantially higher sodium 
content menus. This highlights the importance of broader assessment of the foods 
provided and eaten in LDC and including in future centres, which do not have 
onsite cooking facilities and/or staff trained in food preparation and those which 
do not follow the HEAS menu guidelines. 
6.6 Conclusion 
 
Our study found that the average total amount of sodium and energy provided and 
consumed from morning snacks, lunch and afternoon snacks at Australian LDC 
centres that prepared their own lunches resulted in relatively low sodium lunches, 
which were acceptable to children and enabled their dietary sodium intake to 
remain close to half of recommended upper limit for sodium whilst in care. 
However foods provided, particularly as an afternoon snack contained a relatively 
high amount of sodium due to use of manufactured foods such as cheese, biscuits, 
bread, ham and Vegemite™. A reduction in the use of these salty foods is 
recommended to help further reduce dietary sodium in young children’s diets. 
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Chapter Seven: Discussion, implications and future 
directions 
In this thesis children’s sodium and potassium consumption have been a focus. 
These nutrient intakes have been examined utilising high quality dietary data 
collected in Victoria, Australia and prompted further examination of ultra- 
processed foods, shown to be an important source of sodium in young children’s 
diets. To achieve this a coding framework was developed and applied to a nutrient 
database. In addition, this thesis has examined dietary intakes, traditionally poorly 
captured in dietary surveys and has described sodium intakes across lunch and 
snacks in a sample of children attending long day care (LDC). 
7.1 Education of parents 
 
This thesis provides unique evidence of Australian 3.5-year-old children’s sodium 
and potassium intakes and the food sources of these. Chapter Three (O’Halloran 
et al. 2016a) outlines the analysis of sodium intakes in 251 Australian children 
utilising ‘gold standard’ dietary methodology and provides further support for the 
premise that young children’s sodium intakes are high with nearly 9 out of 10 
children exceeding the upper level recommendations. These excessive sodium 
intakes in preschool children are unsurprising given that salt is frequently added 
during the manufacture of foods and as such, in developed countries, three- 
quarters of dietary salt intake generally comes from processed foods (James et al. 
1987). Early exposure to highly salted foods may lead to an increased salt 
preference (Stein et al. 2012) and habitual/usual food intake follows a trajectory 
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from childhood into adolescence (Kelder et al. 1994) and adulthood (Mikkila et 
al. 2004). It is therefore of concern that preschool children are consuming 
excessive amounts of sodium. Given the evidence showing BP as early as infancy 
is affected by higher sodium intake (Geleijnse et al. 1990) and that this effect lasts 
into mid childhood, it is important that action is taken to reduce sodium intakes 
among this age group. 
Chapter Three (O’Halloran et al. 2016a) also provides insights into the main 
sources of dietary sodium in this age group and highlighted that, consistent with 
adult diets, key source of sodium included many core foods including breads and 
cereals, milk and dairy products and meat products. These foods provide natural 
targets for reformulation, however in addition identifying the key food sources of 
sodium in young children’s diets is important for informing future dietary salt 
reduction interventions. Currently there is a paucity of data on what behavioural- 
based interventions for reducing salt intake in preschool children, however, as 
parents are the primary gatekeepers of children’s food and nutrition, a parent- 
focused intervention to reduce children’s sodium intake is a logical strategy. 
A future program which targets parents of young children in places they would 
normally attend such as parenting groups and provides anticipatory information 
(e.g. before their child is offered their first foods) would be a practical first step in 
developing an educational program around salt consumption. Recruiting parents 
from Maternal Child Health centres during the first few months of their child’s 
life is an attractive option as salt preferences develop early in life and may lead to 
a habitually high salt diet which can continue into adulthood (Cowart and 
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Beauchamp 1986; Stein et al 2012). Evidence has shown that educational 
information about reading labels to select lower salt foods (Ireland et al. 2010) or 
education messages about the key sources of sodium in the diet (Forte et al. 1989) 
are important components of effective programs to reduce salt intakes. As such 
key purpose-designed messages should be included. This type of program has the 
potential to offer parents of young children vital information about choosing low 
salt foods, to raise their awareness of the health risks associated with high salt 
consumption and to assist in understanding salt information on food labels. 
7.2 Sodium in Long Day Care (LDC) 
 
While a focus on home food supply is likely to be important on supporting lower 
sodium intakes in children, it is important to acknowledge that many children 
spend substantial periods of time away from home. Lunch, morning, and 
afternoon snacks are frequently provided at these settings and according to 
recommendations, based on the National Health and Medical Research Council’s 
Australian Dietary Guidelines, these three meals should provide half of children’s 
nutrient requirements. Hence this setting is important to understand in order to 
seek to reduce young children’s sodium intakes. 
A key finding of the LDC study (Chapter Five) was that ultra-processed foods 
were frequently utilised, comprising 41% of snacks and providing almost half of 
all sodium (O’Halloran et al. 2017a). This was a concern as ultra- processed 
foods are industrially formulated, are often energy dense, with high levels of 
added sodium and/or sugars and have been associated with chronic disease in 
adults (Mozaffarian et al. 2011; Romaguera et al. 2011) and children 
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(Rauber et al. 2015; Taveres et al. 2012). The high sodium content of these foods 
was the likely reason why higher sodium amounts were observed during 
afternoon snack. 
Chapter Six examined the foods supplied at lunch and snacks at LDC centres for 
children aged 3‒4 years (O’Halloran et al. 2017 under review). Findings indicated 
that, on average, the sodium content of the food consumed over these three eating 
occasions was 541 mg of sodium, providing around 54% of the recommended 
Upper Level of sodium for this age group. However, given that preschool 
children’s sodium intakes are high (~1500 mg/d), this finding was not considered 
excessive. Furthermore, the findings from this analysis also indicated that 
compared to morning snack (61 mg) and lunch (208 mg), afternoon snack 
provided the greatest amount of sodium (291 mg). The foods that were served 
during this eating occasion were primarily cheese, ham, crackers, English 
muffins, crumpets and as described previously in Chapter Three these foods are 
key sources of sodium in preschool children’s diets (Australian Bureau of 
Statistics 2014). Hence Chapter Six, identified morning and afternoon snacks as 
an important eating occasion at these centre in which to target, in order to try to 
reduce the amount of salty foods provided to children. 
It is important to note that all seven LDC centres included had their own cooking 
facilities and had voluntarily applied the state wide Healthy Eating Advisory 
Service (HEAS) menu planning guidelines which recommend the use of 
low/reduced salt or no added salt packaged products such as low-sodium canned 
varieties of tomatoes, fish and legumes (Victorian State Government 2013). LDC 
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centre staff also limited the use of cured meats to once or twice a week during the 
preparation of lunch and afternoon snacks and all LDC cooks attended the 
Nutrition Australia /HEAS training menu training workshop. Whilst these HEAS 
guidelines and the comprehensive education program for LDC staff appeared to 
be useful and likely helped to keep the overall sodium provision low (590 mg 
from 2 snacks and lunch), the widespread use of salty foods served for afternoon 
snacks at these settings suggests that providing lower sodium options at LDC can 
be challenging. A speculated reason for this relates to the limited availability of 
lower sodium foods within the Australian food supply. In Australia, food 
regulations require manufacturers to display the sodium content of the food per 
serve and per 100 g within the nutrition information panel (Food Standards 
Australian New Zealand 2007c). Currently on the Australian food market, there is 
only a small range of reduced salt options available that meet the Food Standards 
Australian New Zealand (Food Standards Australian New Zealand 2007c) criteria 
of a “low sodium food” (less than 120 mg/100 g of sodium) and “no added salt” 
products which would also likely meet the criteria of low sodium foods (e.g. <120 
mg/100 g). In addition, ‘reduced salt’ products which contain at least 25% less 
sodium/salt than the comparative reference food (Food Standards Australian New 
Zealand, 2007c) are available but manufacturers are hesitant to label their 
products as such for fear of revenue losses (Webster et al. 2010). Product choice 
is further complicated, by the wide-ranging sodium content of similar processed 
foods. For example, a 6-fold difference in the sodium content of hard cheeses 
(sodium ranging between 24‒1740 mg/100 g and a 14-fold difference in the 
sodium content of sliced processed meat (sodium ranging between 120‒1720 
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mg/100 g) have been reported (Webster et al. 2010). Additionally, an earlier 
survey reported the variation between the highest and the lowest sodium content 
within Australian food categories varied by ≥ 50% (Grimes et al. 2008). The 
complexity of the food system is likely to hamper LDC staff’s ability to choose 
and provide lower sodium foods without a wide-ranging food reformulation 
program with salt targets for individual food categories. 
7.3 Reformulation of high sodium foods 
 
It is well established that a reduction in salt consumption will lower BP, which 
will lead to significant individual and population health benefits (Asaria et al. 
2007; Frost et al. 1991; Murray et al. 2003). Moreover, it is estimated that a 1 g/d 
reduction in salt intake could save £1.5 billion (~$2.4 AUD billion) in health care 
costs (He et al. 2014) thus government and food industry led salt reduction 
strategies are considered to be highly cost effective (Bibbins-Domingo et al. 
2010). 
 
Several developed countries have set reduction targets across a number of food 
categories (Webster et al. 2014). For example, the Food Standards Agency (FSA) 
in the United Kingdom (UK) set progressive targets for more than >80 food 
categories between 2001‒2012, which together with a monitoring progress, 
promotion of clear nutritional labelling and consumer awareness campaigns 
resulted in a reduction in salt levels of many foods including cheese by 24% and 
biscuits by 25% (He et al. 2014). The setting of salt targets and removal of salt 
from the food supply contributed to the fall of 1.4 g/day in UK mean population 
salt intake between 2003 and 2011, which has been estimated to have resulted in 
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9,000 fewer deaths from CVD per year (He et al. 2014). Newly revised UK salt 
reduction targets for 2017 have now been set for 76 food categories (these 
categories remain almost the same as the previous 2012 targets, with only a small 
change which reduces the number of categories from 80 to 76) and includes meat 
products, cheese, breads and biscuits (Public Health England 2017). These targets 
are expected to further reduce population salt intakes closer to the maximum daily 
intake of 6 g for adults and < 6 g for children (Public Health England 2017). 
Whilst the UK has delivered the most comprehensive and successful example of 
voluntary salt level targets across a number of different food product categories, 
other countries such as Belgium, Greece, Hungary, The Netherlands, Portugal and 
Paraguay have legislated maximum salt levels for bread. Of these countries, 
Belgium and the Netherlands have reported a six and nine per cent reduction in 
the salt levels of bread respectively (Webster et al. 2014). Bulgaria and Argentina 
has extended the legislation to include bread, milk, processed meats and lutenica 
(a traditional vegetable relish in Bulgaria) (Campbell et al. 2014, Webster et al. 
2014) with Argentina reporting an 18% reduction in the salt level of bread 
(Webster et al. 2014).  Recently in 2016, a more widespread legislated approach 
has been introduced by the South African government, where mandatory limits for 
the upper sodium content were allowed in a wide range of commonly consumed 
processed foods such as bread, breakfast cereals, margarine, meat products, snack 
foods, soup mixes and stock cubes and powder (Charlton et al. 2014). These upper 
sodium limits will be reduced even further when the second stage of the 
legislation comes into effect in 2019 (Charlton et al. 2014). South Africa is the 
first country to adopt mandatory legislation for the reduction of sodium levels 
across a wide range of processed foods and if successful this strategy is expected 
to lead to considerable health cost savings and reduce the 
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number of lives lost to CVD (Charlton et al. 2014). For example a modelling 
study has reported that a daily salt reduction of 0.85 g per person could prevent 
7800 cardiovascular deaths, 86% of which would be due to the reduction of bread 
sodium levels alone (Bertram et al. 2012) and the prevention of 4300 non-fatal 
strokes is expected to save the South African health care system 40 million USD 
per year (Watkins et al. 2016). 
However, according to Charlton and colleagues who conducted a comparison 
between the UK and the South African approaches to salt reduction programs, 
reported that whilst the UK voluntary approach is having an impact, this process 
is unlikely to be sustainable long term and that legislation is needed (Charlton et 
al. 2014). Conversely, whilst the legislation assists in establishing a level playing 
field for manufacturers, the legislative process may take longer to implement and 
is less flexible. Thus the authors concluded that it is unclear whether mandatory 
legislation is more effective than voluntary setting sodium reduction targets 
(Charlton et al. 2014). 
In Australia, there has been some progress towards the manufacture of lower 
sodium foods. This began in 2009 with the now defunct Australian Food Health 
Dialogue (FHD), which was comprised of the food industry and public health 
advocacy groups, and set voluntary salt reduction targets for nine food categories, 
three of which (breads, ready-to-eat breakfast cereals and processed meats) were 
slated to achieve sodium reduction targets by 2013 (Food and Health Dialogue 
2010). However, recent assessments found only a small change overall in the 
sodium content of Australian manufactured foods (Christoforou et al. 2013; 
Garcia et al. 2014) although one study reported a 9% drop in the average sodium 
content of breads with approximately 70% reaching the target (Trevena et al. 
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2014). 
 
In 2016, the Australian Healthy Food Partnership (HFP) (Department of Health 
and Ageing 2016) replaced the FHD and established the Reformulation Working 
Group to address a number of policy actions which included: the reaffirmation of 
reformulation targets previously established by the FHD; consideration of the 
adoption of the new UK 2017 salt reduction targets for the remaining food 
categories (Public Health England, 2017); supporting independent monitoring of 
industry salt reduction targets; and publishing reports on salt reduction progress 
(Department of Health and Ageing 2016). As the HFP is in the initial stages of 
salt reduction strategies, it is uncertain how the application of the UK 2017 salt 
reduction targets (Public Health England 2017) will influence Australian 
population salt intakes. 
However, the potential use of targets in the Australian food supply to help lower 
sodium intakes in children, was demonstrated by Grimes et al, in a modelling 
study whereby the 2012 UK FSA sodium reduction targets were applied to 85 
Australian major food products and a 25% reduction on a further 81 minor food 
categories. The authors showed that the sodium intake in children aged 2‒16 
years could be reduced by 20% (Grimes et al. 2011). This would reduce preschool 
children’s current sodium intake (1.5 times the UL) to an average level that is 1.2 
times the UL for 1‒3-year-olds. This is estimated to lower children’s sodium 
intakes to below UL recommendations if applied over a number of years, with 
progressive targets which are regularly reviewed and revised, (in a similar way to 
the UK (He et al. 2014)) (Grimes et al. 2011). Hence, if the UK 2017 FSA salt 
reduction targets were adopted in Australia further reductions in preschool 
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children’s sodium intakes could be achieved. Therefore, this thesis endorses the 
multi-faceted HFP approach to reduce sodium content of food products within the 
Australian food supply via the application of the UK 2017 FSA salt reduction 
targets, together with salt reduction monitoring and published progress reports. 
This comprehensive strategy thus will likely reduce the availability of dietary 
sodium in young preschool children’s diets and thereby reduce young children’s 
sodium intake which will lead to reduced rates of high BP and CVD later in life. 
7.4 Future Research 
 
The consumption of excessive amounts of sodium is associated with increased BP 
(Aburto et al. 2013b). Evidence also suggests that sodium and potassium together 
are important determinants of BP levels in childhood (Geleijnse et al. 1990). As 
such the World Health Organization recommends a potassium intake which leads 
to a molar sodium:potassium (Na:K) ratio of ~one (World Health Organization 
2012b). 
Dietary potassium was assessed in a sample of Australian 3.5-year-old children 
indicated that the average potassium intakes were 1983 (499) mg/d, which were 
similar to the Adequate Intake (AI) recommendations of 2000 mg/d (Chapter 
Four) (O’Halloran et al. 2016b). This finding was consistent with reported 
average daily potassium intakes from the 2011–13 AHS (2042 mg/d in children 
aged 2–3 years) (Australian Bureau of Statistics 2014). Key food sources were 
milk, fruit and vegetable dishes and these findings were similar to the 2011-12 
Australian Health Survey data which also reported these foods main sources of 
potassium (Australian Bureau of Statistics 2014). 
Children’s potassium intakes appeared to be derived from fruit and milk 
 
consumption (as serves per day for both food groups were close to 
196 
Chapter 7: Discussion 
 
 
 
 
 
recommendations) rather than from adequate vegetable consumption. Children 
consumed on average about half a serve of vegetables per day rather than the 
recommended target of 2.5 serves/d. National survey data also reported low 
vegetable consumption amongst preschool children; 1.3 serves/day of 
vegetables rather than the recommended 2.5 serves/day (Australian Bureau of 
Statistics 2015b). It is essential children consume sufficient amounts of 
vegetables not only to ensure potassium recommendations are met, but to also 
to reduce the risk of stroke (Ness et al. 2005) and cancer (Maynard et al. 2003) 
later in life and to establish appropriate eating habits early as dietary patterns 
tend to track across the lifespan (Mikkila et al. 2004; Nicklaus and Remy 
2013). 
An important finding from Chapter Four (O’Halloran et al. 2016b) was the high 
average molar Na:K of 1.3 (which were in line reported molar Na:K ratios > 1 in 
children aged 1‒14 years from Europe and the US), which seemed to be driven by 
children’s excessive sodium consumption (~1500 mg/d as described early in 
Chapter Three). The main sources of dietary sodium in 3.5 year old children, were 
manufactured foods such as bread, ham, bacon and cheese (Chapter Three) 
(O’Halloran et al. 2016a). Conversely, the potassium rich food were fruits and 
vegetables (O’Halloran et al. 2016b). Hence as the dietary sources of potassium 
and sodium are different (with the exception of dairy milk which was a key source 
of both sodium and potassium), children could reach the optimal Na:K of one by 
reducing the consumption of foods high in sodium whilst also increasing their 
intakes of potassium rich foods. 
Whilst these results from Chapter Four (O’Halloran et al. 2016b) reinforced 
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previous research suggesting that on average preschool children’s vegetable 
consumption is below recommendations, this was the first study to have described 
low potassium intakes and high molar Na:K ratios amongst children aged 3.5 
years. However, sources of potassium from foods served at LDC were not 
assessed and thus highlight an important area of future investigation. Further 
research could determine preschool children’s potassium intakes and the molar 
Na:K ratio and examine the key sources of potassium in LDC settings. This 
would provide key information for dietary interventions which seek to improve 
preschool children’s potassium intakes and reduce Na:K ratios. 
All of the seven LDC centres which participated in these studies utilised the 
HEAS menu planning guidelines and their staff attended the Nutrition Australia 
menu-planning workshop, where practical information on the use of salt during 
cooking and food preparation and the provision of low salt food options was 
provided. We now have unique insight into the typical foods provided in 
Australian LDC centres that prepare and cook lunches and that are compliant with 
HEAS recommendations. However, additional studies are required to assess the 
types of food provided and the sodium and potassium content of foods of LDC 
centres which may not prepare meals onsite and may not follow the HEAS menu 
planning guidelines and assess differences between the types of centres. 
Chapter Five provided some insight into the contribution of sodium from the 
served lunches and snacks and from consumption of sodium from lunches 
provided at LDC centres. It would be of interest to determine the amount of 
sodium children consumed from meals outside of LDC (e.g. breakfast and lunch), 
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hence additional work involving 24-hr dietary recall with children’s parents is 
required to provide data on children’s usual sodium intake. 
7.5 Strengths and limitations 
 
Important strengths of this thesis relate to the methodologies developed and 
utilised across a number of studies. These included the development of a 
processed food classification system which enabled the proportion of ultra- 
processed foods to be identified (O’Halloran et al. 2017b) and the development 
of a novel approach to the quantification of food consumed by children in LDC 
settings. 
Preschool children’s sodium intakes were excessive and also described children’s 
key dietary sources of sodium Chapter Three (O’Halloran et al. 2016a). These 
findings provided important evidence confirming the need for reformulation of 
processed foods to lower levels of sodium. However, while the use of 24-hr recall 
data over 3 days by carers to estimate children’s diets is considered a robust 
methodology, it is likely to have underestimated sodium intakes as discretionary 
salt use was not assessed. Additional studies utilising 24-hr urinary excretion as a 
marker for salt intake to provide an accurate data on total sodium consumption 
(e.g. from food and discretionary sources) would be recommended and the 
feasibility of obtaining 24hr urine collections in this age group needs to be 
assessed to provide an accurate assessment of sodium intake in preschool 
children. 
This research has provided some insight into the contribution of sodium from the 
served lunches and snacks and from consumption of sodium from lunches 
199 
Chapter 7: Discussion 
 
 
 
provided at LDC centres (Chapter Five). It would be of interest to determine the 
amount of sodium children consumed from meals outside of LDC (e.g. breakfast 
and lunch), hence additional work involving 24-hr dietary recall with children’s 
parents is required to provide data on children’s usual sodium intake and the food 
sources which could be potentially combined with 24-hr urine collections. One of 
the limitations in assessing sodium intake in children attending LDC was that only 
one day of observational dietary data was used to assess the amounts of sodium 
consumed on the non-observational days rather than measuring the actual intakes. 
Additional work is required to obtain more than one day of dietary data to more 
accurately describe children’s sodium consumption in LDC. 
7.6 Conclusion 
 
Preschool children are consuming high amounts of sodium which exceeded 
recommendations, driven primarily by the consumption of processed foods. In 
addition, my research has shown that preschool children consumed low amounts 
of vegetables leading to potassium intakes which were below recommendations 
and a molar Na:K ratio above the WHO recommendation. Given the evidence 
linking sodium and potassium intakes to cardiovascular risk factors it is important 
sodium reduction action is taken early in life. To lower children’s sodium 
consumption a comprehensive, government led, reduction strategy, which 
involves regularly reviewed and revised progressive salt targets and an increase in 
children’s vegetable intake is required which will impact BP trajectories and 
reduce the risk of high BP and CVD. 
References 
200 
 
 
 
References 
 
Aaron, KJ, & Sanders, PW 2013, ‘Role of dietary salt and potassium intake in 
cardiovascular health and disease: a review of the evidence’, Mayo Clin 
Proc, vol. 88, pp. 987-95. 
Aburto, NJ, Hanson, S, Gutierrez, H, Hooper, L, Elliott, P, & Cappuccio, FP 
2013a, ‘Effect of increased potassium intake on cardiovascular risk 
factors and disease: systematic review and meta-analyses’, BMJ, vol. 
346, f1378. 
Aburto, NJ, Ziolkovska, A, Hooper, L, Elliott, P, Cappuccio, FP, & Meerpohl, JJ 
2013b,’ Effect of lower sodium intake on health: systematic review and 
meta-analyses’, BMJ, vol. 346, f1326. 
Adrogue, HJ, & Madias, NE 2007,’Sodium and potassium in the pathogenesis of 
hypertension', N Engl J Med, vol. 356, 1966-78. 
Anderson, CA, Appel, LJ, Okuda, N, Brown, I, Chan, Q, Zhao, L, et al. 2010, 
‘Dietary sources of sodium in China, Japan, the United Kingdom, and 
the United States, women and men aged 40 to 59 years: the INTERMAP 
study', J Am Diet Assoc, vol. 110, pp. 736-45. 
Andersen, L, Rasmussen, LB, Larsen, EH & Jakobsen, J 2009, 'Intake of 
household salt in a Danish population', Eur J Clin Nutr, vol. 63, pp. 598- 
604. 
Appel, LJ, Moore TJ, Obarzanek E, Vollmer, WM, Svetkey, LP, Sacks, FM et al. 
1997 ‘A clinical trial of the effects of dietary patterns on blood pressure. 
DASH Collaborative Research Group,’ N Engl J Med, vol. 336, pp. 
1117–1124. 
Asaria, P, Chisholm, D, Mathers, C, Ezzati, M. & Beaglehole, R 2007,’Chronic 
disease prevention: health effects and financial costs of strategies to 
reduce salt intake and control tobacco use', Lancet, vol. 370, pp. 2044- 
53. 
Australian Bureau of Statistics 2015a, 4402.0 - Childhood Education and Care, 
2014, retrieved 20th January 2016, 
http://www.abs.gov.au/ausstats/abs@.nsf/mf/4402.0 
 
Australian Bureau of Statistics 2015b, 4364.0.55.001 - National Health Survey: 
First Results 2014-15, retrieved 3rd Febuary 2015, 
http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/4364.0. 
55.0012014- 15?OpenDocument 
Australian Bureau of Statistics 2014, 4364.0.55.007- Australian Health Survey: 
Nutrition First Results Foods and Nutrients 2011–12, retrieved 14th 
January 2015, 
References 
201 
 
 
 
http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/4364.0.55.00 
7201112?OpenDocu ment 
 
Australian Heart Foundation 2007, Australian Heart Foundation Butter vs 
Margarine, retrieved 10th Febuary 2015, 
http://www.heartfoundation.org.au/healthyeating/fats/Pages/butter- 
margarine.aspx 
Ball, SC, Benjamin, SE, & Ward, DS 2008, ‘Dietary intakes in North Carolina 
child-care centers: are children meeting current recommendations?', J Am 
Diet Assoc, vol. 108, pp. 718-21. 
Bao, W, Threefoot, SA, Srinivasan, SR, & Berenson, GS 1995, 'Essential 
hypertension predicted by tracking of elevated blood pressure from 
childhood to adulthood: the Bogalusa Heart Study', Am J 
Hypertens, vol. 8, pp. 657-65. 
Barton, P, Andronis, L, Briggs, A, McPherson, K, & Capewell, S 2011, 
‘Effectiveness and cost effectiveness of cardiovascular disease 
prevention in whole populations: modelling study', BMJ, vol. 343, 
d4044. 
Bates, CJ, Thurnham, DI, Bingham, SA, Margetts, BM & Nelson, M 1997, in 
Margetts, B. M. & Nelson, M. (ed.), Design Concepts in Nutritional 
Epidemiology, Oxford University Press, Inc, Oxford, UK, 170–240. 
Beauchamp, GK, Bertino, M & Engelman, K 1987, ‘Failure to compensate 
decreased dietary sodium with increased table salt usage’, JAMA, vol. 
258, pp. 3275-3278. 
Beauchamp, GK, Cowart, BJ & Moran, M 1986, ‘Developmental changes in salt 
acceptability in human infants’, Dev Psychobiol, vo.l 19, pp. 17-25. 
Begg S, Voss, T, Barker, B, Stevenson, C, Stanley L, Lopex, AD 2007, ‘The 
burden of disease and injury in Australia ' retrieved 18 June 2015 
http://www.aihw.gov.au/publication-detail/?id=6442467990 
Benjamin Neelon, SE, & Briley, ME 2011, ‘Position of the American Dietetic 
Association: benchmarks for nutrition in child care', J Am Diet Assoc, 
vol. 111, pp. 607-15. 
Bertram, MY, Steyn, K, Wentzel-Viljoen, E, Tollman, S, Hofman, KJ 2012, 
‘Reducing the sodium content of high-Salt foods: Effect on 
cardiovascular disease in South Africa’, S AfrMed J, vol.102, pp. 743- 
745. 
Bibbins-Domingo, K, Chertow, GM, Coxson, PG, Moran, A, Lightwood, JM, 
Pletcher, MJ et al. 2010, 'Projected effect of dietary salt reductions on 
future cardiovascular disease', N Engl J Med, vol. 362, pp. 590-9. 
Blackburn, P 2006, ‘Childcare services in the EUF what future? European 
Foundation for the Improvement of Living and Working Conditions’ 
https://www.eurofound.europa.eu/observatories/emcc/articles/child 
care-services-in-the-eu-what-future 
References 
202 
 
 
 
Blanton, CA, Moshfegh, AJ, Baer, DJ & Kretsch, MJ 2006, ‘The USDA 
Automated Multiple-Pass Method accurately estimates group total 
energy and nutrient intake', J Nutr, vol. 136, no. 10, pp. 2594-9. 
Brinsden, HC, He, FJ, Jenner, KH & Macgregor, GA 2013, ‘Surveys of the salt 
content in UK bread: progress made and further reductions possible', 
BMJ Open, vol. 3, pii: e002936. 
Brown, IJ, Tzoulaki, I, Candeias, V & Elliott, P 2009, ‘Salt intakes around the 
world: implications for public health', Int J Epidemiol, vol. 38, n3791- 
813. 
Brug, J 2008, ‘Determinants of healthy eating: motivation, abilities and 
environmental opportunities', Family Practice, vol. 25 Suppl 1, pp. i50-5. 
Buendia, JR, Bradlee, ML, Daniels, SR, Singer, MR & Moore, LL 2015, 
‘Longitudinal effects of dietary sodium and potassium on blood pressure 
in adolescent girls', JAMA Pediatr, vol. 169, pp. 560-8. 
Campanozzi, A, Avallone, S, Barbato, A, Lacone, R, Russo, O, De Filippo, G et 
al. 2015, ‘High sodium and low potassium intake among Italian children: 
relationship with age, body mass and blood pressure', PLoS One, vol. 10, 
e0121183. 
Campbell, KJ, Hendrie, G, Nowson, C, Grimes, CA, Riley, M, Lioret, S, et al. 
2014, ‘Sources and Correlates of Sodium Consumption in the First 2 
Years of Life', J Acad Nutr Diet. vol. 114,  pp. 1525-1532. 
Campbell, KJ, Lioret, S, McNaughton, SA, Crawford, DA, Salmon, J, Ball, K, et 
al. 2013, ‘A parent- focused intervention to reduce infant obesity risk 
behaviors: a randomized trial', Pediatrics, vol. 131, pp. 652-60. 
Campbell, K, Hesketh, K, Crawford, D, Salmon, J, Ball, K & McCallum, Z 2008, 
‘The Infant Feeding Activity and Nutrition Trial (InFANT) an early 
intervention to prevent childhood obesity:cluster-randomised controlled 
trial', BMC Public Health, vol. 8, doi: 10.1186/1471-2458-8-03. 
Campbell, N, Legowski, B, Legetic, B, Ferrante, D, Nilson, E, Campbell, C, 
L’Abbé, M 2014, ‘Targets and Timelines for Reducing Salt in Processed 
Food in the Americas’, J. Clin. Hypertens vol. 9, pp. 619-23. 
Canella, DS, Levy, RB, Martins, AP, Claro, RM, Moubarac, JC, Baraldi, L, et al. 
2014, ‘Ultra- processed food products and obesity in Brazilian 
households (2008-2009)', PLoS One, vol. 9, pp. e92752. 
Cappuccio, FP & MacGregor, GA 1991, ‘Does potassium supplementation lower 
blood pressure? A meta-analysis of published trials', J Hypertens, vol. 9, 
pp. 465-73. 
Chajes, V, Biessy, C, Byrnes, G, Deharveng, G, Saadatian-Elahi, M, Jenab, M, et 
al. 2011, ‘Ecological-level associations between highly processed food 
intakes and plasma phospholipid elaidic acid concentrations: results 
from a cross-sectional study within the European prospective 
investigation into cancer and nutrition (EPIC)', Nutrition and Cancer, 
vol. 63, pp. 1235-50. 
References 
203 
 
 
 
Charlton, KE, Steyn, K, Levitt, NS, Zulu, JV, Jonathan, D, Veldman, FJ et al. 
2005, ‘Diet and blood pressure in South Africa: Intake of foods 
containing sodium, potassium, calcium, and magnesium in three ethnic 
groups', Nutrition, vol. 21, pp. 39-50. 
 
Charlton, KE, Webster, J & Kowal, P 2014, ‘To legislate or not to legislate? A 
comparison of the UK and South African approaches to the 
development and implementation of salt reduction programs’, 
Nutrients, vol. 6, pp. 3672-95. 
Chen, X & Wang, Y 2008, ‘Tracking of blood pressure from childhood to 
adulthood: a systematic review and meta-regression analysis', 
Circulation, vol. 117, pp. 3171-80. 
Chobanian, AV, Bakris, GL, Black, HR, Cushman, WC, Green, LA & Izzo, JL, 
2003, The seventh report of the Joint National Committee on Prevention, 
Detection, Evaluation, and Treatment of High Blood Pressure: the JNC 7 
report. JAMA, vol 289, pp. 2560-2572. 
Christoforou, AK, Dunford, EK & Neal, BC 2013, ‘Changes in the sodium 
content of Australian ready meals between 2008 and 2011', Asia Pac J 
Clin Nutr, vol. 22, pp. 138-43. 
Cobiac, LJ, Vos, T & Veerman, JL 2010, ‘Cost-effectiveness of interventions to 
reduce dietary salt intake', Heart, vol. 96, pp. 1920-5. 
Cole, A, Vidgen, H & Cleland, P 2017, ‘Food provision in early childhood 
education and care servies: Exploring how staff determine nutritional 
adequacy', Nutri Diet, vol. 74, pp. 105-10. 
Conn, JA, Davies, MJ, Walker & RB, Moore, VM, 2009, ‘Food and nutrient 
intakes of 9-month-old infants in Adelaide, Australia', Public Health 
Nutr, vol. 12, pp. 2448-56. 
Cook, NR, Obarzanek, E, Cutler, JA, Buring, JE, Rexrode, KM, Kumanyika, et 
al. SK, 2009 Trials of Hypertension Prevention Collaborative Research, 
G, ‘Joint effects of sodium and potassium intake on subsequent 
cardiovascular disease: the Trials of Hypertension Prevention follow-up 
study', Arch Intern Med, vol. 169,  pp. 32-40. 
Cook, NR, CJ, Hebert PR, Taylor JO & Hennekens, CH 1995, ‘Implications of 
small reductions in diastolic blood pressure for primary prevention', Arch 
Intern Med, vol. 155, pp. 701-9. 
Cooper, R, Liu, K, Trevisan, M, Miller & W Stamler, J 1983, ‘Urinary sodium 
excretion and blood pressure in children: absence of a reproducible 
association’ Hypertension, vol. 5, pp. 135-9. 
Cooper, R, Soltero, I, Liu, K, Berkson, D, Levinson, S & Stamler, J 1980, ‘The 
association between urinary sodium excretion and blood pressure in 
children', Circulation, vol. 62, pp. 97-104. 
Copeland, KA, Benjamin Neelon, SE, Howald, AE & Wosje, KS 2013, 
‘Nutritional quality of meals compared to snacks in child care’, Child 
Obes, vol. 9, pp. 223-32. 
References 
204 
 
 
 
Cordain, L, Eaton, SB, Sebastian, A, Mann, N, Lindeberg, S & Watkins, BA 
2005, ‘Origins and evolution of the Western diet: health implications for 
the 21st century', Am J Clin Nutr,  vol. 81, pp. 341–54. 
Costa Louzada, ML, Martins, AP, Canella, DS, Baraldi, LG, Levy, RB, Claro, 
RM, et al. 2015, ‘Ultra-processed foods and the nutritional dietary profile 
in Brazil', Rev Saude Publica, vol. 49, pp. 38. 
Cowart, BJ, & Beauchamp, G 1986, ‘The importance of sensory context in young 
children's acceptance of salty tastes,’ Child Development, vol. 57, pp. 
1034-9. 
Council of Australian Governments 2009, ‘National quality standard for early 
childhood educations and care and school age care’, 
http://www.acecqa.gov.au/national-quality-framework/the- 
national-quality-standard 
Dauchet, L, Amouyel, P, Hercberg, S & Dallongeville, J 2006, ‘Fruit and 
vegetable consumption and risk of coronary heart disease: a meta- 
analysis of cohort studies’,  J Nutr, vol. 136, pp. 2588-93. 
De Courcy, S, Mitchell, H, Simmons, D, MacGregor, GA 1986, ‘Urinary sodium 
excretion in 4-6 year old children: a cause for concern?', Br Med J (Clin 
Res Ed), vol. 292, pp. 1428-9. 
Defago, MD, Gu, D, Hixson, JE, Shimmin, LC, Rice, TK, Gu, et al. 2013, 
‘Common genetic variants in the endothelial system predict blood 
pressure response to sodium intake: the GenSalt study', Am J Hypertens, 
vol. 26, pp. 643-56. 
Dekkers, JC, Snieder, H, Van Den Oord, EJ & Treiber, FA, 2002,’Moderators of 
blood pressure development from childhood to adulthood: a 10-year 
longitudinal study’, J Pediatr, vol. 141, pp. 770-9. 
Denton, D, Weisinger R, Mundy N, Wickings J, Dixson A, Moisson P, et al. 
1995, ‘The Effect of increased salt intake on blood pressure of 
chimpanzees’, Nat Med, vol. 1, pp. 1009-16. 
Department of Health, National Diet and Nutrition Survey-Assessment of dietary 
sodium in adults (aged 19 to 64 years) in England, 2011, The Stationary 
Office, London retrieved 10th January 2015 
http://transparency.dh.gov.uk/2012/06/21/sodium-levels-among-adults/ 
Department of Health and Ageing 2009, Get up & Grow: Healthy Eating and 
Physical Activity for Early Childhood resources, retrieved 14th January 
2016, 
http://www.health.gov.au/internet/main/publishing.nsf/%20Content/phd- 
early-childhood-nutrition-resources 
Department of Health and Ageing 2016, Healthy Food Partnership, retrieved 10th 
January 2017, 
References 
205 
 
 
 
http://www.health.gov.au/internet/main/publishing.nsf/content/healthy- 
food-partnership 
 
Department of Health and Ageing, Australian Food and Grocery Council & 
Department of Agriculture Fisheries and Forestry 2008, 2007 Australian 
National Children's Nutrition and Physical Activity Survey - Main 
Findings, Commonwealth of Australia, Canberra. 
 
Elliott, P, Walker, LL, Little, MP, Blair-West, JR, Shade, RE, Lee, DR, et al. 
2007, ‘Change in salt intake affects blood pressure of chimpanzees: 
implications for human populations’, Circulation, vol. 116, pp. 1563-8. 
Epstein, LH, Paluch, RA, Beecher, MD & Roemmich, JN 2008, ‘Increasing 
healthy eating vs. reducing high energy-dense foods to treat pediatric 
obesity’, Obesity, vol. 16, pp. 318-26. 
Eurostat, Eurostat Newsrelease: Childcare in the EU in 2006. A Quarter of 
Children Aged Less than Three in Formal Childcare and more than 80% 
of Children from three to Compulsory School Age, Eurostat Press Office. 
Feber, J, & Ahmed, M 2010, ‘Hypertension in children: new trends and 
challenges', Clin Sci vol. 119, pp. 151-61. 
Federal Interagency Forum on Child and Family Statistics 2015 America’s 
Children: Key National Indicators of Well-Being, Washington, DC: U.S. 
Government Printing Office. 
Fischer, PW, Vigneault, M, Huang, R, Arvaniti, K & Roach, P 2009, ‘Sodium 
food sources in the Canadian diet', Appl Physiol Nutr Metab, vol. 34, pp. 
884-92. 
Food and Agriculture Organization of the United Nations, 2015 Guidelines on the 
collection of information on food processing through food consumption 
surveys, retrieved 16th June 2016, 
http://www.fao.org/documents/card/en/c/a7e19774-1170-4891-b4ae- 
b7477514ab4e/ 
Food and Health Dialogue 2010 Salt reduction targets agreed, retrieved 12 June 
2014, 
http://www.foodhealthdialogue.gov.au/internet/foodandhealth/publishing 
.nsf. 
Food Standards Australia and New Zealand 2011–13, AUSNUT 2011–13, 
retrieved 10 January 2015, 
http://www.foodstandards.gov.au/science/monitoringnutrients/ausnut/Pa 
ges/about.aspx. 
 
Food Standards Australia and New Zealand 2007a AUSNUT 2007, retrieved 10 
January 2015, 
References 
206 
 
 
 
http://www.foodstandards.gov.au/science/monitoringnutrients/ausnut/Pa 
ges/ausnut2007.aspx 
 
Food Standards Australian New Zealand, 2007b Australian Food, Supplement & 
Nutrient Database 2007 for estimation of population nutrient intakes 
retrieved 10 January 2015, 
http://www.foodstandards.gov.au/science/monitoringnutrients/ausnut/cla 
ssificationofsupps/Pages/default.aspx 
 
Food Standards Australian New Zealand, 2007c Australia New Zealand food 
standards code. Canberra: Food Standards Australia New Zealand. 
Forte, JG, Miguel, J., Miguel, MJ, de Padua, FM & Rose, G 1989, ‘Salt and blood 
pressure: a community trial', J Hum Hypertens, vol. 3, pp. 179-84. 
Frost, C, Law, MR & Wald, NJ 1991, ‘By how much does dietary salt reduction 
lower blood pressure? II--Analysis of observational data within 
populations’, BMJ, vol. 302, pp. 815-8. 
Garcia, J, Dunford, EK, Sundstrom, J & Neal, BC 2014, ‘Changes in the sodium 
content of leading Australian fast-food products between 2009 and 
2012’,  Med J Aust, vol. 200,  pp. 340-4. 
Geleijnse, JM, Kok, FJ & Grobbee, DE 2003, ‘Blood pressure response to 
changes in sodium and potassium intake: a metaregression analysis of 
randomised trials’, J Hum Hypertens, vol. 17, pp. 471-80. 
Geleijnse, JM, Hofman, A, Witteman, JC, Hazebroek, AA, Valkenburg, HA, 
Grobbee, DE 1997, ‘Long-term effects of neonatal sodium restriction on 
blood pressure', Hypertension, vol. 29, pp. 913-7. 
Geleijnse, JM, Grobbee & DE, Hofman, A 1990, ‘Sodium and potassium intake 
and blood pressure change in childhood', BMJ, vol. 300, pp. 899-902. 
Gibson, RS 2005. Principles of Nutritional Assessment, Oxford University Press, 
New York. 
Gillman, MW, Cook, NR, Rosner, B, Evans, DA, Keough, ME, Taylor, JO, et al. 
1993, ‘Identifying children at high risk for the development of 
essential hypertension', J Pediatr, vol. 122, pp. 837-46. 
Grimes, CA, Campbell, KJ, Booth, A, Margerison, C & Nowson CA 2017 
‘Feasibility and efficacy of a web-based program to reduce salt intake in 
school children, in press. 
Grimes, CA, Campbell, KJ, Riddell, LJ & Nowson, CA 2013a,’ Is socioeconomic 
status associated with dietary sodium intake in Australian children? A 
cross-sectional study’, BMJ Open, vol. 3, pii: e002106. 
Grimes, CA, Riddell, LJ, Campbell, KJ & Nowson, CA 2013b, ‘Dietary salt 
intake assessed by 24 h urinary sodium excretion in Australian 
References 
207 
 
 
 
schoolchildren aged 5-13 years', Public Health Nutr, vol. 16, pp. 1789- 
95. 
Grimes, CA, Campbell, KJ, Riddell, LJ, Nowson, CA 2011, ‘Sources of sodium 
in Australian children's diets and the effect of the application of sodium 
targets to food products to reduce sodium intake’, Br J Nutr, vol. 105, 
pp. 68-77. 
Grimes, C, Nowson C & Lawrence, M 2008, ‘An evaluation of the reported 
sodium content of Australian food product’, International Journal of 
Food Science & Technology, vol. 43, pp. 2219-29. 
Hall, R 2000, The Unofficial Guide to Smart Nutrition, IDG Foster City 
California. 
 
Harris, G & Booth, DA 1987, ‘Infants’ preference for salt in food: its dependence 
upon recent dietary experience’, J Reprod Infant Psychol, vol 5, pp. 97- 
104. 
 
He, FJ, Brinsden, HC & MacGregor, GA 2014, 'Salt reduction in the United 
Kingdom: a successful experiment in public health', J Hum Hypertens, 
vol. 28, pp. 345-52. 
He, FJ, Li, J & Macgregor, GA 2013, 'Effect of longer-term modest salt reduction 
on blood pressure', Cochrane Database Syst Rev, vol. 4, CD004937. 
He, FJ & MacGregor, GA 2008, 'Beneficial effects of potassium on human 
health', Physiol Plant, vol. 133, no. 4, pp. 725-35. 
He, FJ, Marrero, NM & Macgregor, GA 2008, 'Salt and blood pressure in children 
and adolescents', J Hum Hypertens, vol. 22, pp. 4-11. 
He, FJ & MacGregor, GA 2006, 'Importance of salt in determining blood pressure 
in children: meta-analysis of controlled trials', Hypertension, vol. 48, pp. 
861-9. 
He, FJ, Nowson, CA & MacGregor, GA 2006, 'Fruit and vegetable consumption 
and stroke: meta-analysis of cohort studies', Lancet, vol. 367,pp. 320-6. 
He, FJ & MacGregor, GA 2002, 'Effect of modest salt reduction on blood 
pressure: a meta-analysis of randomized trials. Implications for public 
health', J Hum Hypertens, vol. 16, pp. 761-70. 
He, FJ, Markandu, ND & MacGregor, GA 2001, 'Importance of the renin system 
for determining blood pressure fall with acute salt restriction in 
hypertensive and normotensive whites', Hypertension, vol. 38, pp. 321– 
5. 
Heino, T, Kallio, K, Jokinen, E, Lagstrom, H, Seppanen, R, Valimaki, I, et al, 
2000, 'Sodium intake of 1 to 5-year-old children: the STRIP project. The 
Special Turku Coronary Risk Factor Intervention Project', Acta Paediatr, 
vol. 89, pp. 406-10. 
References 
208 
 
 
 
Hofman, A, Hazebroek, A & Valkenburg, HA 1983, 'A randomized trial of 
sodium intake and blood pressure in newborn infants', JAMA, vol. 250, 
pp. 370-3. 
Holbrook, JT, Patterson, KY, Bodner, JE, Douglas, LW, Veillon, C, Kelsay, JL, 
et al. 1984, 'Sodium and potassium intake and balance in adults 
consuming self-selected diets', Am J Clin Nutr, vol. 40, pp. 786-93. 
Hu, FB & Malik, VS 2010, 'Sugar-sweetened beverages and risk of obesity and 
type 2 diabetes: epidemiologic evidence', Physiology and Behavior, vol. 
100, pp. 47-54. 
Huggins, CE, O'Reilly, S, Brinkman, M, Hodge, A, Giles, GG, English, DR et al. 
2011, 'Relationship of urinary sodium and sodium-to-potassium ratio to 
blood pressure in older adults in Australia', Med J Aust, vol. 195, pp. 
128-32. 
Huybrechts, I, De Keyzer, W, Lin, Y, Vandevijvere, S, Vereecken, C, Van Oyen, 
H, et al. 2012, 'Food sources and correlates of sodium and potassium 
intakes in Flemish preschool children', Public Health Nutr, vol. 15, pp. 
1039-46. 
INTERSALT Cooperative Group 1988, ‘INTERSALT: an international study of 
electrolyte excretion and blood pressure. Results for 24 hour urinary 
sodium and potassium excretion, ‘BMJ, vol. 297, pp. 319-28. 
Ireland, DM, Clifton, PM & Keogh, JB 2010, 'Achieving the salt intake target of 
6 g/day in the current food supply in free-living adults using two dietary 
education strategies', J Am Diet Assoc, vol. 110, pp. 763-7. 
James, PT, Ralph A, Sanchez-Castillo CP. 1987, 'The Dominance of Salt in 
Manufactured Food in the Sodium intake of Affluent Societies', The 
Lancet, vol. 329, pp. 426-9. 
Jansen, A & Tenney, N 2001 ‘Seeing mum drinking a 'light' product: is social 
learning a stronger determinant of taste preference acquisition than 
caloric conditioning?’, Eur J Clin Nutr, vol 55, pp. 418-22. 
Jenner, DA, English, DR, Vandongen, R, Beilin, LJ, Armstrong, BK, Miller, MR, 
et al. 1988, 'Diet and blood pressure in 9-year-old Australian children', 
Am J Clin Nutr, vol. 47, pp. 1052-9. 
Juul, F & Hemmingsson, E 2015, 'Trends in consumption of ultra-processed foods 
and obesity in Sweden between 1960 and 2010', Public Health Nutr, vol. 
18, pp. 1-12. 
Kelder, SH, Perry, CL, Klepp, KI & Lytle, LL 1994, 'Longitudinal tracking of 
adolescent smoking, physical activity, and food choice behaviors', 
Am J Public Health, vol. 84, pp. 1121-6. 
Khaw, K & Rose, G 1982, ‘Population study of blood pressure and associated 
factors in St. Lucia, West Indies’, Int J Epidemiol, vol 11, pp. 342-7. 
References 
209 
 
 
 
Khaw, KT, Bingham, S, Welch, A, Luben, R, O'Brien, E, Wareham, N et al. 
2004, 'Blood pressure and urinary sodium in men and women: the 
Norfolk Cohort of the European Prospective Investigation into Cancer 
(EPIC-Norfolk)', Am J Clin Nutr, vol. 80, pp. 1397-403. 
Krebs-Smith, SM, Kott, PS, Guenther PM 1989, 'Mean proportion and population 
proportion two answers to the same question’, JADA, J Am Diet Assoc, 
vol. 89, pp. 667-72. 
Kristbjornsdottir, OK, Halldorsson, TI, Thorsdottir, I & Gunnarsdottir, I 2012, 
'Association between 24-hr urine sodium and potassium excretion and 
diet quality in six-year-old children: a cross sectional study', Nutr J, vol. 
11, pp. 94. 
Kyttala, P, Erkkola, M, Kronberg-Kippila, C, Tapanainen, H, Veijola, R, Simell, 
O, et al. 2010, 'Food consumption and nutrient intake in Finnish 1-6- 
year-old children', Public Health Nutr, vol. 13, pp. 947-56. 
Land, MA, Webster, J, Christoforou, A, Praveen, D, Jeffery, P, Chalmers, J, et al. 
2014, 'Salt intake assessed by 24 h urinary sodium excretion in a random 
and opportunistic sample in Australia', BMJ Open, vol. 4, p. e003720. 
Lauer, RM & Clarke, WR 1989, 'Childhood risk factors for high adult blood 
pressure the Muscatine Study', Pediatrics, vol. 84, pp. 633– 41. 
Lewington S, Clarke R, Qizilbash N, Peto R, Collins R & Prospective Studies 
Collaboration 2002, 'Age-specific relevance of usual blood pressure to 
vascular mortality: a meta-analysis of individual data for one million 
adults in 61 prospective studies', Lancet, vol. 360, pp. 1903-13. 
Libuda, L, Kersting, M & Alexy, U 2012, 'Consumption of dietary salt measured 
by urinary sodium excretion and its association with body weight status 
in healthy children and adolescents', Public Health Nutr, vol. 15, pp. 
433–41. 
 
Livingstone, KL & McNaughton, SA 2017, ‘A health behavior score is associated 
with hypertension and obesity among Australian adults’, doi: 
10.1002/oby.21911. 
Livingstone, MB & Robson, PJ 2000, 'Measurement of dietary intake in children', 
Proc Nutr Soc, vol. 59, pp. 279-93. 
Loria, CM, Obarzanek, E & Ernst, ND 2001, 'Choose and prepare foods with less 
salt: dietary advice for all Americans', J Nutr, vol. 131, pp. 536s-51s. 
Louzada, ML, Baraldi, LG, Steele, EM, Martins, AP, Canella, DS, Moubarac, JC, 
Levy, RB, et al. 2015, 'Consumption of ultra-processed foods and obesity 
in Brazilian adolescents and adults', Prev Med, vol. 81, pp. 9-15. 
Lozano, R, Naghavi, M, Foreman, K, Lim, S, Shibuya, K, Aboyans, V, et al. 
2012, 'Global and regional mortality from 235 causes of death for 20 age 
groups in 1990 and 2010: a systematic analysis for the Global Burden of 
Disease Study 2010', Lancet, vol. 380, pp. 2095-128. 
Luiten, CM, Steenhuis, IH, Eyles, H, Ni Mhurchu, C & Waterlander, WE 2015, 
'Ultra-processed foods have the worst nutrient profile, yet they are the 
References 
210 
 
 
 
most available packaged products in a sample of New Zealand 
supermarkets', Public Health Nutr, vol. 19, pp. 539. 
Maalouf, J, Cogswell, ME, Yuan, K, Martin, C, Gunn, JP, Pehrsson, P, et al. 
2015, 'Top sources of dietary sodium from birth to age 24 mo, United 
States, 2003-2010', Am J Clin Nutr, vol. 101, pp. 1021-8. 
Maalouf, J, Evers, SC, Griffin, M & Lyn, R 2013, 'Assessment of mealtime 
environments and nutrition practices in child care centers in Georgia', 
Child Obes, vol. 9, pp. 437-45. 
Maki, KC, Davidson, MH, Umporowicz, DM, Schaefer, EJ, Dicklin, MR, Ingram, 
KA, et al. 2001, 'Lipid responses to plant-sterol-enriched reduced-fat 
spreads incorporated into a National Cholesterol Education Program Step 
I diet', Am J Clin Nutr, vol. 74, pp. 33–43. 
Maldonado-Martin, A, Garcia-Matarin, L, Gil-Extremera, B, Avivar-Oyonarte, C, 
Garcia-Granados, ME, Gil-Garcia, F, et al. 2002, 'Blood pressure and 
urinary excretion of electrolytes in Spanish schoolchildren', J Hum 
Hypertens, vol. 16, pp. 473-8. 
Malik, VS & Hu, FB 2012, 'Sweeteners and Risk of Obesity and Type 2 Diabetes: 
The Role of Sugar-Sweetened Beverages', Curr Diab Rep. vol. 12, pp. 
195-203. 
Malik, VS, Popkin, BM, Bray, GA, Despres, JP, Willett, WC & Hu, FB 2010, 
'Sugar-sweetened beverages and risk of metabolic syndrome and type 2 
diabetes: a meta-analysis', Diabetes Care, vol. 33, pp. 2477-83. 
Malik, VS, Schulze, MB & Hu, FB 2006, 'Intake of sugar-sweetened beverages 
and weight gain: a systematic review', Am J Clin Nutr, vol. 84, pp. 274– 
88. 
Marrero, NM, He, FJ, Whincup, P & Macgregor, GA 2014, 'Salt Intake of 
Children and Adolescents in South London: Consumption Levels and 
Dietary Sources', Hypertension, vol. 63, pp. 1026- 32. 
Martinez Steele, E, Baraldi, LG, Louzada, ML, Moubarac, JC, Mozaffarian, D & 
Monteiro, CA 2016, 'Ultra-processed foods and added sugars in the US 
diet: evidence from a nationally representative cross-sectional study', 
BMJ Open, vol. 6, p. e009892. 
Martins, AP, Levy, RB, Claro, RM, Moubarac, JC & Monteiro, CA 2013, 
'Increased contribution of ultra-processed food products in the Brazilian 
diet (1987-2009)', Rev Saude Publica, vol. 47, pp. 656-65. 
Mattes, RD & Donnelly, D 1991, 'Relative contributions of dietary sodium 
sources', J Am Coll Nutr, vol. 10, pp. 383-93. 
Maynard, M, Gunnell, D, Emmett, P, Frankel, S & Davey Smith, G 2003, 'Fruit, 
vegetables, and antioxidants in childhood and risk of adult cancer: the 
Boyd Orr cohort', J Epidemiol Community Health, vol. 57, pp. 218-25. 
References 
211 
 
 
 
McLean, RM 2014, 'Measuring population sodium intake: a review of methods', 
Nutrients, vol. 6, pp. 4651-62. 
Mendonca, RD, Lopes, AC, Pimenta, AM, Gea, A, Martinez-Gonzalez, MA & 
Bes-Rastrollo, M 2017, 'Ultra-Processed Food Consumption and the 
Incidence of Hypertension in a Mediterranean Cohort: The Seguimiento 
Universidad de Navarra Project', Am J Hypertens,  vol. 30, pp. 358-366. 
Meneton, P, Lafay, L, Tard, A, Dufour, A, Ireland, J, Menard, J, et al. 2009, 
'Dietary sources and correlates of sodium and potassium intakes in the 
French general population', Eur J Clin Nutr, vol. 63,  pp. 1169-75. 
Meneton, P, Jeunemaitre, X, de Wardener, HE & MacGregor, GA 2005, 'Links 
between dietary salt intake, renal salt handling, blood pressure, and 
cardiovascular diseases', Physiological Reviews, vol. 85, pp. 679-715. 
Mercado, CI, Cogswell, M, Valderrama AL, Wang CY, Loria CM, Moshfegh AJ, 
et al. 2015, 'Difference between 24-h diet recall and urine excretion for 
assessing population sodium and potassium intake in adults aged 18–39 
y', Am J Clin Nutr, vol. 101, pp. 376-86. 
Mikkila, V, Rasanen, L, Raitakari, OT, Pietinen, P & Viikari, J 2004, 
'Longitudinal changes in diet from childhood into adulthood with respect 
to risk of cardiovascular diseases: the Cardiovascular Risk in Young 
Finns Study', Eur J Clin Nutr, vol. 58, pp. 1038-45. 
Ministry of Health Brazil 2014, Dietary Guidelines for the Brazilian Population 
retrieved 5th July 2014 http://www.fao.org/nutrition/education/food- 
based-dietary-guidelines/regions/countries/brazil/en/ 
Monteiro, CA, Cannon G, Levy R, Moubarac JC, Jaime A, Martins AP et al. 
2016, NOVA. The star shines bright, World Nutrition, vol. 7, pp. 28-38. 
Monteiro, CA, Moubarac, JC, Cannon, G, Ng, SW & Popkin, B 2013, 'Ultra- 
processed products are becoming dominant in the global food system', 
Obes Rev, vol. 14, pp. 21-8. 
Monteiro, CA, Levy, RB, Claro, RM, Castro, IR & Cannon, G 2010, 'A new 
classification of foods based on the extent and purpose of their 
processing', Cad Saude Publica, vol. 26, pp. 2039- 49. 
Monteiro, CA 2009, ‘Nutrition and health. The issue is not food, nor nutrients, so 
much as processing,’ Public Health Nutrition, vol. 12, pp. 729-731. 
Moodie, R, Stuckler, D, Monteiro, C, Sheron, N, Neal, B, Thamarangsi, et al. 
2013, 'Profits and pandemics: prevention of harmful effects of tobacco, 
alcohol, and ultra-processed food and drink industries', Lancet, vol. 381, 
pp. 670-9. 
Moubarac, JC, Parra DC, Cannon G & Monterio CA 2014, 'Food Classification 
Systems Based on Food Processing: Significance and Implications for 
Policies and Actions: A Systematic Literature Review and Assessment', 
Curr Obes Rep, vol. 3, pp. 256-72. 
References 
212 
 
 
 
Moubarac, JC, Martins, AP, Claro, RM, Levy, RB, Cannon, G & Monteiro, CA 
2013, 'Consumption of ultra-processed foods and likely impact on 
human health. Evidence from Canada', Public Health Nutr, vol. 16, pp. 
2240-8. 
Mozaffarian, D, Hao, T, Rimm, EB, Willett, WC & Hu, FB 2011, 'Changes in 
diet and lifestyle and long-term weight gain in women and men', N Engl 
J Med, vol. 364, pp. 2392-404. 
Murray, CJ, Lauer, JA, Hutubessy, RC, Niessen, L, Tomijima, N, Rodgers, A, et 
al. 2003, 'Effectiveness and costs of interventions to lower systolic blood 
pressure and cholesterol: a global and regional analysis on reduction of 
cardiovascular-disease risk', Lancet, vol. 361, pp. 717-25. 
Mustafa, A, Muslimatun, S, Untoro, J, Lan, MC & Kristianto, Y 2006, 
'Determination of discretionary salt intake in an iodine deficient area of 
East Java-Indonesia using three different methods', Asia Pac J Clin Nutr, 
vol. 15, pp. 362-7. 
National Health and Medical Research Council 2013, Eat for Health: 
Australian Dietary Guidelines, Commonwealth of Australia, Canberra. 
National Health and Medical Research Council 2006, Nutrient reference values 
for Australia and New Zealand, Commonwealth of Australia, Canberra. 
Ndanuko, RN, Tapsell, LC, Charlton, KE, Neale, EP, O'Donnell, KM & 
Batterham, MJ 2017, 'Relationship between sodium and potassium intake 
and blood pressure in a sample of overweight adults', Nutrition, vol. 33, 
pp. 285-90. 
Ness, AR, Maynard, M, Frankel, S, Smith, GD, Frobisher, C, Leary, SD, et al. 
2005, 'Diet in childhood and adult cardiovascular and all cause mortality: 
the Boyd Orr cohort', Heart, vol. 91, pp. 894–8. 
 
Nicklas, TA, O’Neil, CE, Fulgoni, VL 2012, ‘Diet quality is inversely related to 
cardiovascular risk factors in adults’, J Nutr, vol. 142, pp. 2112-2118. 
Nicklaus S & Remy E 2013, 'Early Origins of Overeating: Tracking Between 
Early Food Habits and Later Eating Patterns', Curr Obes Rep, vol. 2, pp. 
179-84. 
Notowidjojo, L & Truswell, AS 1993, 'Urinary sodium and potassium in a sample 
of healthy adults in Sydney, Australia', Asia Pac J Clin Nutr, vol. 2, pp. 
25-33. 
Nowson, C, Lim, K, Grimes, C, O'Halloran, S, Land, MA, Webster, J, et al. 2015, 
'Dietary Salt Intake and Discretionary Salt Use in Two General 
Population Samples in Australia: 2011 and 2014', Nutrients, vol. 7, pp. 
10501-12. 
O'Halloran, SA, Lacy, KE, Grimes, CA, J, Campbell, KJ, Nowson, CA 2017, ' 
Sodium content of lunches and snacks provided in Australian long day 
care centres: A cross-sectional study', under review. 
References 
213 
 
 
 
O'Halloran, SA, Lacy, KE, Grimes, CA, Woods, J, Campbell, KJ, Nowson, CA 
2017a, 'A novel processed food classification system applied to 
Australian food composition databases', J Hum Nutr Diet. doi: 
10.1111/jhn.12445. 
O'Halloran, SA, Lacy, KE, Grimes, CA, Woods, J, Campbell, KJ, Nowson, CA 
2017b, ' The provision of ultra-processed foods and their contribution to 
sodium availability in Australian long day care centres ', Public Health 
Nutr, 1-8, doi: 10.1017/S136898001700132X. 
O'Halloran, SA, Grimes, CA, Lacy, KE, Nowson, CA, Campbell, KJ 2016a, 
'Dietary sources and sodium intake in a sample of Australian preschool 
children', BMJ Open, vol. 6, no. 2, p. e008698. 
O'Halloran, SA, Grimes, CA, Lacy, KE, Nowson, CA, Campbell, KJ 2016b, 
'Dietary intake and sources of potassium and the relationship to dietary 
sodium in a sample of Australian preschool children', Nutrients, vol. 8, 
pp. 496. 
O'Neil, CE, Keast, DR, Fulgoni, VL & Nicklas, TA 2012, 'Food sources of energy 
and nutrients among adults in the US: NHANES 2003-2006', Nutrients, 
vol. 4, pp. 2097-120. 
Oakley, CB, Bomba, AK, Knight, KB & Byrd, SH 1995, 'Evaluation of menus 
planned in Mississippi child-care centers participating in the Child and 
Adult Care Food Program', J Am Diet Assoc, vol. 95, pp. 765-8. 
Obarzanek, E, Proschan, MA, Vollmer, WM, Moore, TJ, Sacks, FM, Appel, LJ, et 
al. 2003, 'Individual blood pressure responses to changes in salt intake: 
results from the DASH-Sodium trial', Hypertension, vol. 42, pp. 459-67. 
Oberleithner, H, Callies, C, Kusche-Vihrog, K, Schillers, H, Shahin, V, 
Riethmuller, C, et al. 2009, 'Potassium softens vascular endothelium and 
increases nitric oxide release', Proc Natl Acad Sci U S A, vol. 106, pp. 
2829-34. 
Okuda, N, Stamler, J, Brown, IJ, Ueshima, H, Miura, K, Okayama, A, et al. 2014, 
'Individual efforts to reduce salt intake in China, Japan, UK, USA: 
what did people achieve? The INTERMAP Population Study', J 
Hypertens, vol. 32, pp. 2385-92. 
Oliveira, AC, Padrao, P, Moreira, A, Pinto, M, Neto, M, Santos, T, et al. 2015, 
'Potassium urinary excretion and dietary intake: a cross-sectional 
analysis in 8-10 year-old children', BMC Pediatrics, vol. 15, p. 60. 
Padget, A & Briley, ME 2005, 'Dietary intakes at child-care centers in central 
Texas fail to meet Food Guide Pyramid recommendations', J Am Diet 
Assoc, vol. 105, pp. 790-3. 
Palfreyman, Z, Haycraft, E & Meyer C 2014 ‘Development of the Parental 
Modelling of Eating Behaviours Scale (PARM): links with food intake 
among children and their mothers’, Matern Child Nutr, vol. 10, pp. 617- 
29. 
References 
214 
 
 
 
Pan American Health Organization, 2015 Ultra-processed food and drink 
products in Latin America: Trends, impact on obesity, policy 
implications, retrieved 12 March 2016, 
http://www2.paho.org/hq/index.php?option=com_content&view=article 
&id=11153%3Aultra-processed-food-and-drink- 
products&catid=7587%3Ageneral&Itemid=40601&lang=en 
Papandreou, D, Stamou, M, Malindretos, P, Rousso, I & Mavromichalis, I 2007, 
'Prevalence of hypertension and association of dietary mineral intake 
with blood pressure in healthy schoolchildren from northern Greece aged 
7-15 years', Ann Nutr Metab, vol. 51, pp. 471-6. 
Perez, V & Chang, ET 2014, 'Sodium-to-potassium ratio and blood pressure, 
hypertension, and related factors', Adv Nutr, vol. 5, pp. 712-41. 
Public Health England 2017, Salt Reduction Targets for 2017, retrieved 6 
February 2017, https://www.gov.uk/government/publications/salt- 
reduction-targets-for-2017 
Public Health England. Food Standards Agency. London, U 2011, National Diet 
and Nutrition Survey. Results fromYears 1-4 (combined) of the Rolling 
Programme (2008/2009 – 2011/12) retrieved 5 March 2015, 
https://www.gov.uk/government/uploads/system/uploads/attachme 
nt_data/file/310995/NDNS _Y1_to_4_UK_report.pdf. 
Rasmussen, M, Krolner, R, Klepp, KI, Lytle, L, Brug, J, Bere, E et al. 2006, 
'Determinants of fruit and vegetable consumption among children and 
adolescents: a review of the literature. Part I: Quantitative studies', Int J 
Behav Nutr Phys Act, vol. 3, p. 22. 
Rauber, F, Campagnolo, PD, Hoffman, DJ, Vitolo, MR 2015, 'Consumption of 
ultra-processed food products and its effects on children's lipid profiles: a 
longitudinal study', Nutr Metab Cardiovasc Dis, vol. 25, pp. 116-22. 
Reinaerts E, de Nooijer J, Candel M & de Vries N 2007 ‘Explaining school 
children's fruit and vegetable consumption: the contributions of 
availability, accessibility, exposure, parental consumption and habit in 
addition to psychosocial factors’, Appetite vol. 48, pp. 248-58. 
Romaguera, D, Angquist, L, Du, H, Jakobsen, MU, Forouhi, NG, Halkjaer, J, et 
al. 2011, 'Food composition of the diet in relation to changes in waist 
circumference adjusted for body mass index', PLoS One, vol. 6, p. 
e23384. 
Rosner, B, Cook, NR, Daniels, S & Falkner, B 2013, 'Childhood blood pressure 
trends and risk factors for high blood pressure: the NHANES experience 
1988-2008', Hypertension, vol. 62,  pp. 247-54. 
Sacks, FM, Svetkey, LP, Vollmer, WM, Appel, LJ, Bray, GA, Harsha, D, et al. 
2001, 'Effects on blood pressure of reduced dietary sodium and the 
Dietary Approaches to Stop Hypertension (DASH) diet. DASH-Sodium 
Collaborative Research Group', N Engl J Med, vol. 344, pp. 3-10. 
References 
215 
 
 
 
Sadler, K, Nicholson, S, Steer, T, Gill, V, Bates, B, Tipping, S, et al. 2011 
Prentice A: Assessment of dietary sodium in adults (aged 19 to 64 years) 
in England, National Diet and Nutrition Survey, UK Department of 
Health, London https://www.gov.uk/government/statistics/national-diet- 
and-nutrition-survey-assessment-of-dietary-sodium-in-adults-in-england- 
2014 
Sanigorski, AM, Bell, AC, Kremer, PJ & Swinburn, BA 2005, 'Lunchbox 
contents of Australian school children: room for improvement', Eur J 
Clin Nutr, vol. 59, pp. 1310-6. 
Schwartz, C, Issanchou, S & Nicklaus, S 2009, ‘Developmental changes in the 
acceptance of the five basic tastes in the first year of life’, Br J Nutr, vol. 
102,pp.1375-85. 
Scrinis, G 2013, Nutritionism. The Science and Politics of Dietary Advice, Allen 
and Unwin, Australia. 
Service, C, Grimes, C, Riddell, L, He, F, Campbell, K & Nowson, C 2016, 
'Association between Parent and Child Dietary Sodium and Potassium 
Intakes as Assessed by 24-h Urinary Excretion', Nutrients, vol. 8, pp. 
191. 
Sherwin, AJ , Nowson, CA, McPhee, J, Alexander, JL, Wark, JD & Flicker, L 
1998, 'Nutrient intake at meals in residential care facilities for the aged: 
validated visual estimation of plate waste', Aust J Nutr Diet, vol. 55, pp. 
188-93. 
Shi, L, Krupp, D & Remer, T 2014, 'Salt, fruit and vegetable consumption and 
blood pressure development: a longitudinal investigation in healthy 
children', Br J Nutr, vol. 111, pp. 662-71. 
Slimani, N, Deharveng, G, Southgate, DA, Biessy, C, Chajes, V, van Bakel, MM, 
et al. 2009, 'Contribution of highly industrially processed foods to the 
nutrient intakes and patterns of middle-aged populations in the European 
Prospective Investigation into Cancer and Nutrition study', Eur J Clin 
Nutr, vol. 63, pp. S206-25. 
Solberg, SL, Terragni, L & Granheim, SI 2016, 'Ultra-processed food purchases 
in Norway: a quantitative study on a representative sample of food 
retailers', Public Health Nutr, vol. 19, pp.1-12. 
Sparrenberger, K, Friedrich, RR, Schiffner, MD, Schuch, I & Wagner, MB 2015, 
'Ultra-processed food consumption in children from a Basic Health Unit', 
J Pediatr (Rio J), vol. 91, no. 6, pp. 535-42. 
Stamler, J 1997, 'The INTERSALT Study: background, methods, findings, and 
implications', Am J Clin Nutr, vol. 65, pp. 626s-42s. 
Stein, LJ, Cowart, BJ & Beauchamp, GK 2012, 'The development of salty taste 
acceptance is related to dietary experience in human infants: a 
prospective study', Am J Clin Nutr, vol. 95, pp. 123-9. 
References 
216 
 
 
 
Stuckler, D & Nestle, M 2012, 'Big food, food systems, and global health', PLoS 
Medicine, vol. 9, p. e1001242. 
Tanase, CM, Koski, KG, Laffey, PJ, Cooper, MJ & Cockell, KA 2011, 
'Canadians continue to consume too much sodium and not enough 
potassium', Can J Public Health, vol. 102, pp. 164–8. 
Tasevska, N, Runswick, SA & Bingham, SA 2006, 'Urinary potassium is as 
reliable as urinary nitrogen for use as a recovery biomarker in dietary 
studies of free living individuals', J Nutr, vol. 136, pp. 1334-40. 
Tavares, LF, Fonseca, SC, Garcia Rosa, ML & Yokoo, EM 2012, 'Relationship 
between ultra-processed foods and metabolic syndrome in adolescents 
from a Brazilian Family Doctor Program', Public Health Nutr, vol. 15, 
pp. 82-7. 
Thornton, LE, Cameron, AJ, McNaughton, SA, Waterlander, WE, Sodergren, M 
& Svastisalee, C, 2013, 'Does the availability of snack foods in 
supermarkets vary internationally?', Int J Behav Nutr Phys Act, vol. 10, 
pp. 56. 
Tian, N, Zhang, Z, Loustalot, F, Yang, Q & Cogswell, ME 2013, 'Sodium and 
potassium intakes among US infants and preschool children, 2003-2010', 
Am J Clin Nutr, vol. 98, pp. 1113-22. 
Tirosh, A, Afek, A, Rudich, A, Percik, R, Gordon, B, Ayalon, N, et al. I 2010, 
'Progression of normotensive adolescents to hypertensive adults: a study 
of 26,980 teenagers', Hypertension, vol. 56, pp. 203-9. 
Toschke, AM, Kohl, L, Mansmann, U & von Kries, R 2010, 'Meta-analysis of 
blood pressure tracking from childhood to adulthood and implications for 
the design of intervention trials', Acta Paediatr, vol. 99, pp. 24-9. 
Trevena, H, Neal, B, Dunford, E, Wu, JH 2014, 'An evaluation of the effects of 
the Australian food and health dialogue targets on the sodium content of 
bread, breakfast cereals and processed meats', Nutrients, vol. 6, pp. 3802- 
17. 
Van der Horst K, Oenema A, Ferreira I, Wendel-Vos W, Giskes K, van Lenthe F, 
et al. 2007, ‘A systematic review of environmental correlates of obesity- 
related dietary behaviors in youth’ Health Educ Res, vol. 22, pp.203-26. 
Versari, D, Daghini, E, Virdis, A, Ghiadoni, L & Taddei, S 2009, 'Endothelial 
dysfunction as a target for prevention of cardiovascular disease', 
Diabetes Care, vol. 3, pp. S314-21. 
Victorian State Government 2013, Healthy Eating Advisory Service, retrieved 5 
March 2015, 
http://heas.health.vic.gov.au/ 
 
Watkins, DA, Olson, ZD, Verguet, S, Nugent, RA, Jamison, DT 2016, 
‘Cardiovascular disease and impoverishment averted due to a salt 
reduction policy in South Africa: An extended cost-effectiveness analysis’ 
Health Policy Plan vol. 31, pp. 75–82. 
 
Webb, M, Fahimi, S, Singh, GM, Khatibzadeh, S, Micha, R, Powles, et al. 2017, 
'Cost effectiveness of a government supported policy strategy to decrease 
References 
217 
 
 
 
sodium intake: global analysis across 183 nations', BMJ, vol. 356, p. 
i6699. 
Webb, K, Rutishauser, I & Knezevic, N 2008, 'Foods, nutrients and portions 
consumed by a sample of Australian children aged 16-24months', 
Nutrition & Dietetics, vol. 65, pp. 56-65. 
Webster, J, Trieu, K, Dunford, E & Hawkes, C 2014, 'Target salt 2025: a global 
overview of national programs to encourage the food industry to reduce 
salt in foods', Nutrients, vol. 6, pp. 3274-87. 
Webster, JL, Dunford, EK, Hawkes, C & Neal, BC 2011, 'Salt reduction 
initiatives around the world', J Hypertens, vol. 29, pp. 1043-50. 
Webster, JL, Dunford, EK & Neal, BC 2010, 'A systematic survey of the sodium 
contents of processed foods', Am J Clin Nutr, vol. 91, pp. 413-20. 
Whelton, PK, He, J, Cutler, JA, Brancati, FL, Appel, LJ, Follmann, et al. 1997, 
'Effects of oral potassium on blood pressure. Meta-analysis of 
randomized controlled clinical trials', JAMA,vol. 277, pp. 1624-32. 
Wolfenden, L, Wyse, RJ, Britton, BI, Campbell, KJ, Hodder, RK, Stacey, et al. 
EL 2012, 'Interventions for increasing fruit and vegetable consumption in 
children aged 5 years and under', Cochrane Database Syst Rev, vol. 
11, p. Cd008552. 
World Health Organization 2014, Global Status Report on non communicable 
diseases, World Health Organization, Geneva, Switzerland. 
 
World Health Organization 2012a Guidelines Salt Intake for adults and children, 
World Health Organization, Geneva, Switzerland. 
 
World Health Organization 2012b Potassium intakes for adults and children, 
World Health Organization, Geneva, Switzerland. 
 
World Health Organization 2010, ' Strategies to monitor and evaluate population 
sodium consumption and sources of sodium in the diet. Report of a joint 
technical meeting convened by WHO and the Government of Canada 
October 2010, World Health Organization, Canada. 
 
World Health Organization 2009, Global Health Risks. Mortality and burden of 
disease attributable to selected major risks. Geneva, Switzerland. 
World Health Organization 2006, Multicentre Growth Reference Study Group. 
WHO Child Growth Standards: Length/Height-for-Age, Weight-for-Age, 
Weight for-Length, Weight-for-Height and Body Mass Index-for-Age: 
Methods and Development; World Health Organization Multicentre 
Growth Reference Study Group: Geneva, Switzerland. 
World Health Organization 2003, Diet, nutrition and the prevention of chronic 
diseases, World Health Organization, Geneva, Switzerland. 
References 
218 
 
 
 
 
Xu, J, Wang, M, Chen, Zhen, B, Li, J, Luan, W, et al. 2014, ‘Estimation of salt by 
24-hr urinary sodium excretion: a cross-sectional study in Yantai, 
China’, BMC Public Health, vol. 14, pp.136. 
 
Yang, X, He, J, Gu, D, Hixson, JE, Huang, J, Rao, DC, et al. 2014, 'Associations 
of epithelial sodium channel genes with blood pressure changes and 
hypertension incidence: the GenSalt study', Am J Hypertens, vol. 27, pp. 
1370-6. 
Yang, Q, Zhang, Z, Kuklina, EV, Fang, J, Ayala, C, Hong, Y, et al. 2012, 
'Sodium intake and blood pressure among US children and adolescents', 
Pediatrics, vol. 130, pp. 611-9. 
Yeung, DL, Leung, M & Pennell MD 1984, ‘Relationship between sodium intake 
in infancy and at 4 years of age’, Nutr Res, vol. 4, pp.553-60. 
Yoong, SL, Skelton, E, Jones, J & Wolfenden, L 2014, 'Do childcare services 
provide foods in line with the 2013 Australian Dietary guidelines? A 
cross-sectional study', Aust N Z J Public Health, vol. 38, pp. 595-6. 
Zhang, Z, Cogswell, ME, Gillespie, C, Fang, J, Loustalot, F, Dai, S, et al. 2013, 
'Association between usual sodium and potassium intake and blood 
pressure and hypertension among U.S. adults: NHANES 2005-2010', 
PLoS One, vol. 10, p. e75289. 
219 
 
 
 
 
 
Appendices 
Appendix A. Methods used for the assessment of dietary potassium and sodium (Gibson 2005) 
 
Measure Method When to use Strengths Limitations 
24-hour 
dietary 
recall 
Subjective 
Structured interview. A trained 
interviewer asks adult &/or 
child to recall food and drink 
during previous 24 hours 
Parents can proxy for children 
<8 years & assist older 
children 
Estimating groups 
means, distribution 
of individual 
intakes or for 
obtaining usual 
individual intake 
Inexpensive, quick, 
lower respondent 
burden, can be 
repeated to improve 
precision & to gain 
measure of daily 
validity 
Biases: memory, perception, presence 
of observer and conceptualisation of 
food portion sizes. 
Dependent on regular eating habits 
Food 
Frequency 
Questionnair 
e (FFQ) 
Subjective 
Participants report 
frequency of consumption 
of a defined list of foods. 
Reporting period of week, 
months or years 
Rank respondents 
& predict 
individual health 
outcomes. FFQ can 
be self-completed 
for children >8 
years or may be 
parent- completed 
Low participant 
burden, inexpensive, 
quick to complete, can 
be self- administered, 
can assess current or 
past diet, usual eating 
patterns not affected 
Biases: memory, perception 
conceptualisation of food portion 
sizes. Daily diet variation not assessed, 
dependent on regular eating patterns. 
Does not allow quantification of 
absolute intake of individuals 
Food 
record 
Subjecti 
ve 
Respondents asked to record 
at the time of consumption all 
foods and beverages eaten in 
household measures for a 
specified time period 
When detailed 
information 
dietary intake 
is required 
Comprehensive 
portion size and 
cooking method 
Biases: recall and reporting. 
Expensive. Unsuitable for large 
populations. Often too complex for 
children. 
24-hour 
urinary 
Objective 
Participants asked to collect 
all urine over a 24 hour period 
When objective 
measure is 
required. Can be 
used to validate 
dietary assess 
Non-invasive. 
Accounts for ~95- 
98% of dietary 
intake of sodium 
Accounts for 
Expensive. Losses via faeces and 
sweat. Diurnal and day to day 
fluctuations. High participant burden. 
Logistical difficulties with young 
children 
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   ~77% of 
potassium intake Difficult to collect complete 24-hour 
collection 
  
Appendix B. Supporting information, Tables S1 and S2 available online: 
http://onlinelibrary.wiley.com/doi/10.1111/jhn.12445/full 
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Appendix C.  Supplementary table 1: one week menu for the seven Australian long day care centres 
 
Centre  Monday Tuesday Wednesday Thursday Friday 
1       
 MT Pears apples bananas 
milk 
Pears apples bananas, 
milk 
Pears apples bananas, 
milk 
Pears apples bananas, 
milk 
Pears apples bananas, 
milk 
 L Lamb and apricot 
chickpea curry 
Curry beef Bombay Chicken stroganoff 
pasta 
Beef burritos Spinach capsicum 
tofu risotto 
 D Pears apples bananas Pears apples bananas Pears apples bananas Pears apples bananas Pears apples bananas 
 AT Rice cakes & avocado 
dips 
Pita chips, bean and 
salsa dip 
Pita pizza Crackers, dips, veggie 
sticks 
Natural yoghurt & 
muesli 
2       
 MT Oranges pears apples 
banana, milk 
Oranges pears apples 
banana, milk 
Oranges pears apples 
banana, milk 
Oranges pears apples 
banana, milk 
Oranges pears apples 
banana, milk 
 L Tuna and vegie slice Cheesy veg & Macaroni Beef casserole Thai green chicken 
curry 
Spaghetti Bolognese 
 D Tinned apple & pea 
combo 
Yoghurt Apple Pie Melon fingers Two fruits with 
custard 
 AT Cheese and ham with 
rice crackers 
Crumpets with vegemite 
& jam 
Banana Pikelets Toast with vegemite 
& cheese slices 
Muesli slice 
3       
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 MT Apples, pears & 
oranges, milk 
Apples, pears & oranges, 
milk 
Apples, pears & 
oranges, milk 
Apples, pears & 
oranges, milk 
Apples, pears & 
oranges, milk 
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 L Creamy tomato & 
vegetable pasta 
Tuna & spinach 
fettucine 
Mexican beef & salad 
wraps 
Moroccan lamb 
Fettuccini 
Savoury chicken & 
vegetables with bread 
 D Apples, pears & 
oranges 
Apples, pears & oranges Apples, pears & 
oranges 
Apples, pears & 
oranges 
Apples, pears & 
oranges 
 AT Muffins with spreads 
(e.g. cheese spread 
and Vegemite) 
Cheese scones Crusty bread with 
spreads (e.g. cheese 
spread and Vegemite) 
Crispbread with 
tzatziki dip 
Cruskits with cheese 
slices 
4       
 MT Apples, grapes, 
cheese and crackers, 
milk 
Sultana loaf and plum 
jam, milk 
Winter berry and 
coconut muffins, milk 
Rice cakes with ham 
and cheese, milk 
Banana and coconut 
pancakes, milk 
 L Ten Veg Pasta Bake Chicken fried rice Irish stew Chicken mushroom 
and spinach risotto 
Minestrone soup with 
wholemeal bread 
 D Apples, pears & 
oranges 
Orange melon and 
banana 
Apples, pears & 
oranges 
Apples, pears & 
oranges 
Apples, pears & 
oranges 
 AT Anzac Slice Chocolate and coconut 
and oatmeal cookies 
Sultanas carrots 
cheese and crackers 
Scones with apricot 
jam 
Seasonal fruit and 
yoghurt 
5       
 MT Banana, apple, 
orange, milk 
Banana, apple, orange, 
milk 
Banana, apple, 
orange, milk 
Banana, apple, 
orange, milk 
Banana, apple, 
orange, milk 
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 L Chicken and 
vegetable pastie slice 
Tuna mornay Meat balls rice & veg Pork lasagne Vegetarian frittata 
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 D Pears and yoghurt Peaches and custard Yoghurt Yoghurt Watermelon & 
cantaloupe 
 AT Cheese and ham 
toasties 
Scones Rice cakes with 
spreads 
Apple muffins Toasted English 
muffins with butter, 
jam and Vegemite 
6       
 MT Oranges bananas 
apples pears, milk 
Oranges bananas apples 
pears, milk 
Oranges bananas 
apples pears, milk 
Oranges bananas 
apples pears, milk 
Oranges bananas 
apples pears, milk 
 L Chicken vegetable 
spaghetti 
Lasagne Moroccan chicken & 
couscous 
Chow Mein Tuna khichri 
 D Fresh fruit salad yoghurt Apples & pears Melon fingers Fruit with muesli 
 AT Cheese & ham & rice 
crackers 
tomato & cheese pizza Raisin bread Veggie sticks & 
beetroot dip 
Muesli slice 
7       
 MT Apples oranges pears 
bananas, milk 
Apples oranges pears 
bananas, milk 
Apples oranges pears 
bananas, milk 
Apples oranges pears 
bananas, milk 
Apples oranges pears 
bananas, milk 
 L Savoury lamb & rice 
& bread 
Chicken & cheese 
Macaroni 
Beef bean hot pot 
pasta & bread 
Tuna & pea corn 
casserole & bread 
Potatoes & lentil back 
& bread 
 D Fresh  fruit & yoghurt Apples oranges pears Apples oranges pears 
& yoghurt 
Apples oranges pears Apples oranges pears 
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 AT Fruit muffins & milk Rice crackers & cheese 
& milk 
Carrot cake & milk Raisin toast & milk Zucchini muffins & 
milk 
Abbreviations: MT, Morning tea; L, Lunch; D, Dessert; AT, Afternoon tea 
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Appendix D. The food group coding system used in AUSNUT 2007. The following table 
comes from pages 29-43 of the Food Standards Australia New Zealand Australian Food, 
Supplement & Nutrient Database 2007 for estimation of population nutrient intakes. 
229 
 
 
Food 
Group 
Code 
 
Food Group Name 
11 NON-ALCOHOLIC BEVERAGES 
111 Tea 
11101 Tea, Regular, Caffeinated (including flavoured teas) 
11102 Tea, Regular, Decaffeinated 
11103 Herbal Tea 
112 Coffee And Coffee Substitutes 
11201 Coffee Beverage 
11202 Dry Coffee Powder 
11203 Decaffeinated Coffee, Beverage 
11204 Dry Decaffeinated Coffee Powder 
11205 Coffee Substitutes, Beverage 
11206 Dry Coffee Substitutes 
11207 Coffee-Based Mixes, Beverage 
11208 Dry Or Concentrate Coffee-Based Mixes 
113 Fruit And Vegetable Juices, And Drinks 
11301 Fruit Juices 
11302 Fruit Juices, concentrate 
11303 Fruit Juices, Fortified 
11304 Vegetable Juices 
11305 Vegetable Juices, Fortified 
11306 Fruit and vegetable juice blends 
11307 Fruit Drinks (Ready to Drink, Made From Concentrate) 
11308 Fruit Drinks (Ready to Drink, Made From Concentrate), intense sweetened 
11309 Fruit-Flavoured Drink Base 
11310 Fruit-Flavoured Drink Base, Intense Sweetened 
11311 Fruit-Flavoured Drink Base, Fortified 
114 Cordials 
11401 Cordials, Made From Concentrate 
11402 Cordials, Made From Concentrate, Intense Sweetened 
11403 Cordial Concentrate 
11404 Cordial Concentrate, Intense Sweetened 
115 Soft Drinks, And Flavoured Mineral Waters 
11501 Soft Drinks, Non-Cola 
11502 Soft Drinks, Non-Cola, Intense Sweetened 
11503 Soft Drinks, Cola, Caffeinated 
11504 Soft Drinks, Cola, Intense Sweetened, Caffeinated 
11505 Soft Drinks, Cola, Decaffeinated 
11506 Soft Drinks, Cola, Intense Sweetened, Decaffeinated 
11507 Flavoured Mineral Waters 
11508 Flavoured Mineral Waters, Intense Sweetened 
116 Electolyte, Energy and Fortified Drinks 
11601 Electrolyte Drinks (Sports Drinks) 
11602 Electrolyte Drink Bases (Sport Drink Bases) 
11603 Energy Drinks 
11604 Energy drinks, intense sweetened 
11605 Formulated Beverages 
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Food 
Group 
Code 
 
Food Group Name 
117 Mineral Waters And Water 
11701 Mineral Water, Unflavoured 
11702 Soda Water 
11703 Domestic Water (including tap, tank/rain water) 
11704 Purchased Packaged Water (e.g. Bottled) 
11705 Purchased Packaged Water (e.g. Bottled), Fortified 
118 Other Beverage Flavourings and Prepared Beverages 
11801 Fortified Dry Beverage Flavourings 
11802 Fortified Beverage Flavourings Made Up, Unspecified Strength 
11803 Unfortified Dry Beverage Flavourings 
11804 Unfortified Beverage Flavourings Made Up, Unspecified Strength 
11805 Other Beverages (E.g. Probiotics) 
12 CEREALS AND CEREAL PRODUCTS 
121 Flours And Other Cereal Grains And Starches 
12101 Grains (Other Than Rice) 
12102 Grains, Rice 
12103 Grains, Flavoured Rice 
12104 Cereal Flours, Dry Starch Powders 
12105 Cereal Flours, Dry Starch Powders, Fortified 
122 Regular Breads, And Bread Rolls (Plain/Unfilled/Untopped Varieties) 
12201 Breads, And Bread Rolls, White 
12202 Breads, And Bread Rolls, White, Fortified 
12203 Breads, And Bread Rolls, Mixed Grain 
12204 Breads, And Bread Rolls, Mixed Grain, Fortified 
12205 Breads, And Bread Rolls, Wholemeal 
12206 Breads, And Bread Rolls, Wholemeal, Fortified 
12207 Breads, And Bread Rolls, Rye 
12208 Breads, And Bread Rolls, Rye, Fortified 
12209 Breads, And Bread Rolls, Fibre-Increased 
12210 Breads, And Bread Rolls, Fibre-Increased, Fortified 
12211 Breads, And Bread Rolls, Not Stated As To Major Flour , Or Fortification 
123 English-Style Muffins, Flat Breads, And Savoury and Sweet Breads 
12301 English-Style Muffins 
12302 Flat Breads (E.g. Pita Bread) 
 
12303 
Savoury Filled or Topped Breads And Bread Rolls (E.g. Cheese and Bacon 
Topped Rolls) 
 
12304 
Savoury Filled or Topped Breads And Bread Rolls (E.g. Cheese and Bacon 
Topped Rolls), Fortified 
12305 Sweet Breads, Buns and Scrolls 
12306 Sweet Breads, Buns and Scrolls, Fortified 
12307 Tortilla, Taco Shells, And Corn Bread 
124 Pasta And Pasta Products 
12401 Pasta, Including Plain, Flavoured and Egg Varieties 
12402 Pasta, Including Plain, Flavoured and Egg Varieties, Fortified 
12403 Filled Pasta, E.g. Ravioli, Tortillini (no sauce) 
12404 Noodles, All Varieties 
125 Breakfast Cereals and Bars, Unfortified and Fortified Varieties 
12501 Breakfast Cereal, Corn Based 
12502 Breakfast Cereal, Corn Based, Fortified 
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12503 Breakfast Cereal, Oat Based 
12504 Breakfast Cereal, Oat Based, Fortified 
12505 Breakfast Cereal, Rice Based 
12506 Breakfast Cereal, Rice Based, Fortified 
12507 Breakfast Cereal, Wheat Based 
12508 Breakfast Cereal, Wheat Based, Fortified 
12509 Breakfast Cereal, Wheat Based, With Fruit And/Or Nuts 
12510 Breakfast Cereal, Wheat Based, With Added Fruit/And Or Fortified 
12511 Breakfast Cereal, Mixed Grain 
12512 Breakfast Cereal, Mixed Grain, Fortified 
12513 Breakfast Cereal, Mixed Grain, With Fruit And/Or Nuts (Includes Muesli) 
12514 Breakfast Cereal, Mixed Grain, With Fruit And/Or Nuts, Fortified (Includes Mueslis) 
12515 Breakfast Cereal, Other 
12516 Breakfast Cereal, Other, Fortified 
12517 Breakfast Cereal, Breakfast Bars 
12518 Breakfast Cereal, Breakfast Bars, Fortified 
126 Breakfast Cereal, Hot Porridge Type 
 
12601 
Breakfast Cereal, Hot Porridge Type, Made From Oats (Including plain, flavoured 
and added fruit varieties) 
 
12602 
Breakfast Cereal, Hot Porridge Type, Made From Other Grains (Including plain, 
flavoured and added fruit varieties) 
13 CEREAL-BASED PRODUCTS AND DISHES 
131 Sweet Biscuits 
13101 Sweet Biscuits, Plain Or Flavoured Including Short Bread Varieties 
13102 Sweet Biscuits, Plain With Fruit Or Nuts 
13103 Sweet Biscuits, Fruit-Filled Or Fancy 
13104 Sweet Biscuits, Cream-Filled 
13105 Sweet Biscuits, Chocolate-Coated, Chocolate Chip 
13106 Sweet Biscuits, Other Toppings 
132 Savoury Biscuits 
13201 Savoury Biscuits, Plain, Low Fat (<6% Fat) 
13202 Savoury Biscuits, Plain, High Fat (>6% Fat) 
13203 Savoury Biscuits, Flavoured 
13204 Rice and Corn Crackers and Cakes 
133 Cakes, Buns, Muffins, Scones, Cake-Type Desserts 
13301 Cakes, Cake Mixes 
13302 Cake-Type Muffins And Mixes 
13303 Cake-Type Desserts 
13304 Slices, Biscuit And Cake-Type 
13305 Scones And Rock Cakes 
13306 Other Desserts Containing Cereal 
134 Pastries 
13401 Pastry, Croissant 
13402 Sweet Pastry Products, Tarts And Flans 
13403 Sweet Pastry Products, Pies, Slices And Danishes 
13404 Savoury Pastry Products, Tarts And Flans 
13405 Savoury Pastry Products, Pies, Rolls And Envelopes 
135 Mixed Dishes Where Cereal Is The Major Ingredient 
13501 Pizza 
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13502 Sandwiches And Filled Rolls (Where Recipe Not Known) 
13503 Hamburgers 
13504 Taco And Tortilla-Based Dishes 
13505 Savoury Pasta/Noodle And Sauce Dishes 
13506 Savoury Rice-Based Dishes 
13507 Savoury Dumplings 
13508 Other Savoury Grain Dishes 
136 Batter-Based Products 
13601 Pancakes, Crepes And Dishes 
13602 Drop Scones, Pikelets 
13603 Waffles 
13604 Batters And Batter Puddings 
13605 Doughnuts 
13606 Crumpets 
14 FATS AND OILS 
141 Butters 
14101 Butter, Regular 
14102 Butter, Reduced Fat 
14103 Butter, Unspecified Type 
142 Dairy Blends 
14201 Dairy Blend, Regular 
14202 Dairy Blend, Reduced Fat 
14203 Dairy Blend, Fortified 
14204 Dairy Blend, Unspecified Type 
143 Margarine and Table Spreads 
14301 Polyunsaturated Margarine Spreads, >65% Fat 
14302 Polyunsaturated Margarine Spreads, <65% Fat 
14303 Monounsaturated Margarine Spreads, >65% Fat 
14304 Monounsaturated Margarine Spreads, <65% Fat 
14305 Cooking Margarine 
14306 Margarine Spreads With Added Phytosterols 
14307 Unspecified Margarine Spread 
144 Vegetable/Nut Oil 
14401 Vegetable/Nut Oil Blends 
14402 Polyunsaturated Oils 
14403 Monounsaturated Oils 
14404 Unspecified Vegetable/Nut Oils 
145 Other Fats 
14501 Animal-Based Solid Fats 
14502 Vegetable-Based Solid Fats 
14503 Other Fats 
14504 Unspecified Other Fats 
146 Unspecified Fats 
14601 Unspecified Dairy-Based Fat Or Margarine Used As A Spread 
14602 Unspecified Solid Fats Or Oil Used In Cooking 
14603 Unspecified Spread, Cooking Oil Or Fat Used In Cooking 
15 FISH and SEAFOOD PRODUCTS AND DISHES 
151 Fin Fish (Excluding Commerically Sterile) 
15101 Fin Fish, Fresh, Frozen 
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15102 Smoked Fish 
152 Crustacea And Molluscs (Excluding Commerically Sterile) 
15201 Crustacea, Fresh, Frozen 
15202 Molluscs 
153 Other Sea And Freshwater Foods 
15301 Fish Roe 
15302 Eel 
154 Packed (Commercially Sterile) Fish And Seafood 
15401 Packed Fin Fish 
15402 Packed Crustacea And Molluscs 
15403 Packed Other Sea and Fresh Water Foods 
155 Fish And Seafood Products (Homemade and Takeaway) 
15501 Fin Fish, Battered Or Crumbed 
15502 Crustacea And Molluscs, Battered Or Crumbed 
15503 Fish And Seafood Products 
156 Mixed Dishes With Fish Or Seafood As The Major Component 
15601 Mixed Dishes With Fish As The Major Component, Plus Sauce 
15602 Mixed Dishes With Fish As The Major Component, No Sauce 
15603 Mixed Dishes With Fish As The Major Component, With Cereal Products 
 
15604 
Mixed Seafood Dishes With Crustacea, Molluscs Or Other Seafood Products As 
The Major Component, Plus Sauce 
 
15605 
Mixed Seafood Dishes With Crustacea, Molluscs Or Other Seafood Products As 
The Major Component, No Sauce 
 
15606 
Mixed Seafood Dishes With Crustacea, Molluscs Or Other Seafood Products As 
The Major Component, With Cereal Products 
16 FRUIT PRODUCTS AND DISHES 
161 Pome Fruit 
16101 Apples 
16102 Apples, Commerically Sterile 
16103 Apples, Commerically Sterile, Intense Sweetened 
16104 Pears 
16105 Pears, Commecially Sterile 
16106 Pears, Commecially Sterile, Intense Sweetened 
16107 Other Pome Fruit 
16108 Other Pome Fruit, Commerically Sterile 
162 Berry Fruit 
16201 Berry Fruit 
16202 Berry Fruit, Commerically Sterile 
16203 Berry Fruit, Commerically Sterile, Intense Sweetened 
163 Citrus Fruit 
16301 Oranges 
16302 Lemons And Limes 
16303 Other Citrus Fruit 
164 Stone Fruit 
16401 Peaches 
16402 Peaches, Commercially Sterile 
16403 Peaches, Commercially Sterile, Intense Sweetened 
16404 Other Stone Fruit 
16405 Other Stone Fruit, Commerically Sterile 
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16406 Other Stone Fruit, Commerically Sterile, Intense Sweetened 
165 Tropical Fruit 
16501 Bananas 
16502 Pineapples 
16503 Pineapples, Commerically Sterile 
16504 Other Tropical Fruit 
16505 Other Tropical Fruit, Commerically Sterile 
16506 Other Tropical Fruit, Commerically Sterile, Intense Sweetened 
166 Other Fruit 
16601 Other Fruit 
16602 Other Fruit, Commerically Sterile 
16603 Other Fruit, Commerically Sterile, Intense Sweetened 
167 Mixtures Of Two Or More Groups Of Fruit 
16701 Mixtures Of Two Or More Groups Of Fruit 
16702 Mixtures Of Two Or More Groups Of Fruit, Commerically Sterile 
 
16703 
Mixtures Of Two Or More Groups Of Fruit, Commerically Sterile, Intense 
Sweetened 
168 Dried Fruit, Preserved Fruit 
16801 Dried Vine Fruit 
16802 Other Dried Fruit And Mixes 
16803 Dried Fruit And Nut Mixes 
16804 Preserved Fruit (E.G .Glace) 
169 Mixed Dishes Where Fruit Is The Major Component 
16901 Mixed Dishes Where Fruit Is The Major Component 
17 EGG PRODUCTS AND DISHES 
171 Eggs 
17101 Eggs, Chicken 
17102 Eggs, Chicken, Modified (E.g. Omega-3, Folate) 
17103 Eggs, Other (E.g. Duck Eggs) 
172 Dishes Where Egg Is The Major Ingredient 
17201 Egg Dishes, Savoury (e.g. omelete, scrambled, quiche) 
17202 Egg Dishes, Sweet (e.g. souffle) 
173 Egg Substitutes and Dishes 
17301 Egg Substitute, Powdered And Frozen Mix 
17302 Egg Substitute, Dishes 
18 MEAT, POULTRY and GAME PRODUCTS and DISHES 
181 Muscle Meat 
18101 Beef 
18102 Lamb 
18103 Pork 
18104 Veal 
18105 Muscle Meat, Unspecified 
182 Game And Other Carcase Meats 
18201 Game And Other Carcase Meats (e.g. Kangaroo, Rabbit, Venison) 
183 Poultry And Feathered Game 
18301 Chicken 
18302 Other Poultry (e.g. Duck, Turkey) 
18303 Feathered Game (e.g. Quail, Emu) 
184 Organ Meats And Offal, Products And Dishes 
18401 Liver 
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18402 Kidney 
18403 Other Organ Meats And Offal 
18404 Liver Paste And Pate 
18405 Liver Dishes 
18406 Kidney Dishes 
18407 Other Organ Meat And Offal Dishes 
185 Sausages, Frankfurts And Saveloys 
18501 Sausage 
18502 Frankfurts, And Saveloys 
186 Processed Meat 
18601 Bacon 
18602 Ham 
18603 Processed Delicatessen Meat, Red 
18604 Processed Delicatessen Meat, White 
18605 Meat Paste 
18606 Canned Processed Meat 
187 Mixed Dishes Where Beef, Veal Or Lamb Is The Major Component 
18701 Beef, Or Veal Stew, Casserole, Stir Fry With Gravy Or Sauce Only 
18702 Lamb Stew, Casserole, Stir Fry With Gravy Or Sauce Only 
18703 Beef, Or Veal Stew, Casserole, Stir Fry With Cereal Products 
18704 Lamb Stew, Casserole, Stir Fry With Cereal Products 
18705 Beef, Or Veal, Crumbed, Battered, Meatloaf Or Patty Type With Cereal 
18706 Lamb Crumbed, Battered, Meatloaf Or Patty Type With Cereal 
18707 Beef, Or Veal, Crumbed, Battered, Meatloaf Or Patty Type With Vegetable 
18708 Lamb Crumbed, Battered, Meatloaf Or Patty Type With Vegetable 
 
18709 
Beef, Or Veal, Crumbed, Battered, Meatloaf Or Patty Type With Cereal And 
Vegetable 
18710 Lamb, Crumbed, Battered, Meatloaf Or Patty Type With Cereal And Vegetable 
18711 Beef, Or Veal, Sausage Dish 
18712 Lamb Sausage Dishes 
18713 Unspecified Red Meat, Mixed Dish 
188 Mixed Dishes Where Pork, Bacon, Ham Is The Major Component 
18801 Pork, Bacon, Ham Stew, Casserole, Stir Fry With Gravy Or Sauce Only 
18802 Pork, Bacon, Ham Stew, Casserole, Stir Fry With Cereal Products 
 
18803 
Pork, Bacon, Ham, Crumbed, Battered, Meatloaf Or Patty Type With Either Cereal 
And/Or Vegetable 
18804 Pork Sausage Dishes 
18805 Unspecified Meat, Mixed Dish 
189 Mixed Dishes Where Poultry Or Game Is The Major Component 
18901 Poultry Or Game Stew, Casserole, Stir Fry With Gravy Or Sauce Only 
18902 Poultry Or Game Stew, Casserole, Stir Fry With Cereal Products 
18903 Poultry Or Game Crumbed, Battered, Meatloaf Or Patty Type With Cereal 
18904 Poultry Or Game Crumbed, Battered, Meatloaf Or Patty Type With Vegetable 
18905 Unspecified White Meat, Mixed Dish 
19 MILK PRODUCTS AND DISHES 
191 Dairy Milk (cow, sheep and goat) 
19101 Milk, Cow, Fluid, Fat-Increased 
19102 Milk, Cow, Fluid, Regular Whole, Full Fat 
19103 Milk, Cow, Fluid, Regular Whole, Full Fat, Fortified 
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19104 Milk, Cow, Fluid, Reduced Fat, < 2% 
19105 Milk, Cow, Fluid, Reduced Fat, < 2%, Fortified 
19106 Milk, Cow, Fluid, Skim, Non-Fat 
19107 Milk, Cow, Fluid, Skim, Non-Fat, Fortified 
19108 Milk, Cow, Fluid, Added Substances Other Than Nutrients (E.g. Phytosterols) 
19109 Milk, Evaporated, Undiluted 
19110 Milk, Condensed, Undiluted 
19111 Milk, Powder, Dry, Regular Fat 
19112 Milk Powder, Dry, Skim 
19113 Milk, Fluid, Other (e.g. Goat and Sheep) 
19114 Milk, Fluid, Unspecified 
192 Yoghurt 
19201 Yoghurt, Natural And Yoghurt Dips, Full Fat 
19202 Yoghurt, Natural And Yoghurt Dips, Reduced Fat 
19203 Yoghurt, Natural And Yoghurt Dips, Skim And Non-Fat 
19204 Yoghurt, Flavoured or Added Fruit, Full Fat 
19205 Yoghurt, Full Fat, Fruit and/or Cereal Added 
19206 Yoghurt, Flavoured or Added Fruit, Reduced Fat 
19207 Yoghurt, Reduced Fat, Fruit and/or Cereal Added 
19208 Yoghurt, Flavoured or Added Fruit, Low Fat, Skim Or Non-Fat, Sugar Sweetened 
19209 Yoghurt, Low Fat, Skim Or Non-Fat, Fruit and/or Cereal Added, Sugar Sweetened 
19210 Yoghurt, Flavoured or Added Fruit, Low Fat, Skim, Or Non-Fat, Intense Sweetened 
19211 Yoghurt, Low Fat, Skim Or Non-Fat, Fruit and/or Cereal Added Intense Sweetened 
19212 Yoghurt, Drinks, Buttermilk 
19213 Yoghurt, High Fat (> 4% Fat) 
19214 Yoghurt, High Fat (> 4% Fat), Fruit And/Or Cereal Added 
19215 Yoghurt, Added Substances Other Than Nutrients (E.g. Phytosterols) 
19216 Yoghurt, Unspecified fat 
193 Cream 
19301 Cream, Thickened Cream, Rich Cream 
19302 Cream, Sour And Sour Cream-Based Dips 
19303 Cream Substitute, Artificial Cream 
19304 Cream, Reduced Fat, Light, Extra Light 
19305 Cream, Sour, Reduced Fat, Light, Extra Light And Sour Cream Based Dips 
19306 Cream, Unspecified Fat Level 
19307 Cream, Sour, Unspecified Fat Level 
194 Cheese 
19401 Cheese, Natural, Traditional 
19402 Cheese, Natural, Reduced Fat And Fat-Modified 
19403 Cheese, Cottage And Cheese, Cottage, Low Fat 
 
19404 
Cheese, Cream And Cheese, Cream, Reduced Fat, Cream Cheese-Based Dips, 
Fruit Cheese 
19405 Cheese, Processed 
19406 Cheese, Processed, Reduced Fat 
19407 Cheese, Processed, Fortified 
19408 Cheese, Camembert, Brie 
19409 Dishes With Cheese As The Major Component 
195 Frozen Milk Products 
19501 Ice Cream, Tub Varieties, >10% Fat 
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19502 Ice Cream, Tub Varieties, <10% Fat 
19503 Ice Cream, Individual Bar, Stick And Cone Varieties 
19504 Ice Cream, Added Substances Other Than Nutrients (E.g. Phytosterols) 
19505 Frozen Yoghurts, All Types, Regular Fat 
19506 Frozen Yoghurts, All Types, Reduced Fat 
19507 Frozen Dairy Desserts 
196 Custards 
19601 Custard, Regular Fat 
19602 Custard, Reduced Fat 
19603 Custard, Intense Sweetened 
197 Other Dishes Where Milk Or A Milk Product Is The Major Component 
19701 Sweet Sauces, Milk-based 
 
19702 
Dairy Desserts, Smooth Or Gelatin-Based Dairy Desserts (e.g. mousse, fruiche, 
creamed rice) 
19703 Dairy Desserts, Smooth Or Gelatin-Based Dairy Desserts, Intense Sweetened 
19704 Other Milk-, Cheese- Or Cream-Based Desserts (e.g. cheesecake) 
198 Flavoured Milks 
19801 Milk, Other Flavoured And Milk-Based Drinks, Full Fat 
19802 Milk, Coffee/Chocolate Flavoured And Milk-Based Drinks, Full Fat 
19803 Milk, Other Flavoured And Milk-Based Drinks, Reduced Fat 
19804 Milk, Coffee/Chocolate Flavoured And Milk-Based Drinks, Reduced Fat 
19805 Milk, Other Flavoured And Milk-Based Drinks, Low Fat, Skim Or Non-Fat 
 
19806 
Milk, Coffee/Chocolate Flavoured And Milk-Based Drinks, Low Fat, Skim Or Non- 
Fat 
19807 Milk Other Flavoured And Milk-Based Drinks, Not Stated As To Fat 
19808 Milk, Coffee/Chocolate Flavoured And Milk-Based Drinks, Not Stated As To Fat 
19809 Milk-Based, Fruit Drinks 
20 Dairy Substitutes 
201 Dairy Milk Substitutes, Unflavoured 
20101 Soy-Based Beverage, Plain 
20102 Soy-Based Beverage, Plain, Fortified 
20103 Soy-Based Beverage, Plain, Reduced Fat 
20104 Soy-Based Beverage, Plain, Reduced Fat, Fortified 
20105 Soy-Based Beverage, Plain, Skim 
20106 Soy-Based Beverage, Plain, Skim, Fortified 
20107 Rice-Based Beverage, Plain 
20108 Oat-Based Beverage, Plain 
202 Dairy Milk Substitutes, Flavoured 
20201 Soy-Based Beverage, Flavoured 
20202 Soy-Based Beverage, Flavoured, Fortified 
20203 Soy-Based Beverage, Reduced Fat, Flavoured 
20204 Soy-Based Beverage, Reduced Fat, Flavoured, Fortified 
20205 Soy-Based Fruit Drinks 
203 Cheese Substitute 
20301 Cheese Substitute, Non-Dairy 
204 Soy-Based Ice Confection 
20401 Soy-Based Ice Confection, Plain 
20402 Soy-Based Ice Confection, Flavoured 
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205 Soy-Based Yoghurts 
20501 Soy-Based Yoghurts, Plain 
20502 Soy-Based Yoghurts, Flavoured 
20503 Soy-Based Yoghurts, Reduced Fat, Plain 
20504 Soy-Based Yoghurts, Reduced Fat, Flavoured 
21 SOUP 
211 Soup (Prepared, Ready to Eat) 
21101 Soup Containing Meat (Beef, Lamb, Ham) 
21102 Soup Containing Chicken 
21103 Soup Containing Fish Or Seafood 
21104 Tomato-Based Soup 
21105 Other Vegetable-Based Soup 
21106 Pumpkin-Based Soup 
212 Dry Soup Mix 
21201 Dry Soup Mix Containing Meat (Beef, Lamb, Ham) 
21202 Dry Soup Mix Containing Chicken 
21203 Dry Soup Mix Containing Fish Or Seafood 
21204 Tomato-Based Dry Soup Mix 
21205 Other Vegetable-Based Dry Soup Mix 
21206 Pumpkin-Based Dry Soup Mix 
213 Canned Condensed Soup (Unprepared) 
21301 Canned Condensed Soup Containing Meat (Beef, Lamb, Ham) 
21302 Canned Condensed Soup Containing Chicken 
21303 Canned Condensed Soup Containing Fish or Seafood 
21304 Tomato Based Canned Condensed Soup 
21305 Other Vegetable-Based Canned Condensed Soup 
21306 Pumpkin-Based Canned Condensed Soup 
22 SEED and NUT PRODUCTS AND DISHES 
221 Seeds And Seed Products 
22101 Seeds And Seed Products 
222 Nuts And Nut Products 
22201 Peanuts 
22202 Peanut Products (e.g. Peanut Butter) 
22203 Coconut And Coconut Products 
22204 Other Nuts And Nut Products And Dishes 
23 SAVOURY SAUCES AND CONDIMENTS 
231 Gravies And Savoury Sauces 
23101 Gravies (Prepared) 
23102 Dry Gravy Mixes 
23103 Savoury Sauces 
23104 Savoury Sauces, Intense Sweetened 
23105 Dry Savoury Sauces and Casserole Bases And Dry Mixes 
23106 Pasta and Simmer Sauces, Oil- Or Cream- Or Cheese-Based 
23107 Pasta And Simmer Sauces, Oil- Or Cream- Or Cheese based, Intense Sweetened 
23108 Pasta and Simmer Sauces, Tomato-Based 
23109 Pasta And Simmer Sauces, Tomato Based, Intense Sweetened 
23110 Sauce (With Onion), From Meat-Based Stews And Casseroles 
232 Pickles, Chutneys And Relishes 
23201 Fruit-Based Pickles, Chutneys,  Relishes And Mustard 
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23202 Fruit-Based Pickles, Chutneys,  Relishes And Mustard, Intense Sweetened 
23203 Vegetable-Based Pickles, Chutneys And Relishes 
23204 Vegetable-Based Pickles, Chutneys And Relishes, Intense Sweetened 
233 Salad Dressings 
23301 Mayonnaise And Cream-Style Dressings, Full Fat 
23302 Italian- And French-Style Dressings, Full Fat 
23303 Mayonnaise And Cream-Style Dressings, Reduced Or Non-Fat 
23304 Italian- And French-Style Dressings, Reduced Or Non-Fat, Vinegar 
234 Stuffings 
23401 Bread-Based Stuffings 
23402 Other Stuffings 
24 VEGETABLE PRODUCTS AND DISHES 
241 Potatoes 
24101 Potatoes 
24102 Potato Products (e.g. potato chips/wedges, gems and hash browns) 
24103 Potato Dishes (e.g. potato bake/scalloped potatoes/mashed potatoes) 
242 Cabbage, Cauliflower And Similar Brassica Vegetables 
24201 Cabbage, Cauliflower And Similar Brassica Vegetables 
243 Carrot And Similar Root Vegetables 
24301 Carrot And Similar Root Vegetables 
244 Leaf And Stalk Vegetables 
24401 Leaf And Stalk Vegetables 
245 Peas And Beans 
24501 Peas And Edible-Podded Peas 
24502 Beans 
246 Tomato And Tomato Products 
24601 Tomato 
24602 Tomato Products 
247 Other Fruiting Vegetables 
24701 Pumpkin 
24702 Squash And Zucchini 
24703 Other Fruiting Vegetables 
248 Other Vegetables And Vegetable Combinations 
24801 Other Vegetables 
24802 Onion, Leek And Garlic 
24803 Mixtures Of Two Or More Vegetables 
249 Dishes Where Vegetable Is The Major Component 
24901 Vegetables And Sauce 
24902 Stuffed Vegetables And Vegetable Dishes 
24903 Vegetables And Sauce Only, From Meat-Based Stews and Casseroles 
25 LEGUME AND PULSE PRODUCTS AND DISHES 
251 Mature Legumes And Pulses 
25101 Mature Legumes And Pulses 
252 Mature Legume And Pulse Products And Dishes 
25201 Legume And Pulse Products 
25202 Dishes Where Mature Legumes Are The Major Component 
25203 Meat Substitutes 
25204 Dishes Where Meat Substitutes Are The Major Component 
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26 SNACK FOODS 
261 Potato Snacks 
26101 Potato Crisps 
26102 Potato Crisps, Reduced Fat 
262 Corn Snacks 
26201 Corn Chips 
26202 Popcorn 
263 Extruded Or Reformed Snacks 
26301 Extruded Snacks 
264 Pretzels 
26401 Pretzels 
265 Other Snacks 
26501 Other Snacks 
27 SUGAR PRODUCTS AND DISHES 
271 Sugar, Honey And Syrups 
27101 Sugar 
27102 Honey And Sugar Syrups 
27103 Toppings, All Flavours 
27104 Toppings, All Flavours, Intense Sweetened 
27105 Sauces, Sweet 
272 Jam And Lemon Spreads, Chocolate Spreads, Sauces 
27201 Jams And Conserves, Sugar Sweetened 
27202 Jams And Conserves, Intense Sweetened 
27203 Sweet Spreads, Fruit Flavoured 
27204 Sweet Spreads, Fruit Flavoured, Intense Sweetened 
27205 Sweet Spreads, Chocolate/Coffee Flavoured 
27206 Sauces, Sweet, Fruit-Based 
 
273 
Dishes And Products Other Than Confectionery Where Sugar Is The Major 
Component 
27301 Sugar-Based Desserts (e.g. Jelly, Meringue) 
27302 Sugar-Based Desserts, Intense Sweetened (e.g. Jelly) 
27303 Water Ice Confection, Gelato, Sorbet 
27304 Frostings And Icing With Added Fat 
27305 Other Icing 
28 CONFECTIONERY AND CEREAL/NUT/FRUIT/SEED BARS 
281 Chocolate And Chocolate-Based Confectionery 
28101 Chocolate (Plain, Unfilled Varieties) 
28102 Chocolate-Based Confectionery (With Additions, Coated, etc) 
28103 Carob or Yoghurt  And Carob- or yoghurt-Based Confectionery 
282 Cereal-, Fruit-, Nut- And Seed-Bars 
28201 Muesli Bars, Non-Chocolate (including drizzled/coated in yoghurt) 
28202 Muesli Bars, Chocolate Coated or Chocolate Chip 
28203 Muesli Bar, With Fruit or Fruit Paste Filling (including drizzled/coated in yoghurt) 
28204 Muesli Bar, With Fruit And Nut (including drizzled/coated in yoghurt) 
28205 Fruit Bar And Fruit-Based Confectionery (e.g. fruit leather, apricot delight) 
28206 Nut- And Seed-Based Confectionery 
28207 Bar, Cake-based 
28208 Cereal-, Fruit-, Nut- And Seed-Bars, Fortified 
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283 Other Confectionery 
28301 Lollies And Other Confectionery, Sugar Sweetened 
28302 Lollies And Other Confectionery, Intense Sweetened 
28303 Chewing Gum, Sugar Sweetened 
28304 Chewing Gum, Artifically Sweetened 
29 ALCOHOLIC BEVERAGES 
291 Beers 
29101 Beers, > 3.5% Alcohol 
29102 Beers, 1.15- 3.5% Alcohol, Reduced Alcohol / Light 
29103 Beers, <1.15% Alcohol, Ultra / Special / Extra Light 
292 Wines 
29201 Wines, Red (including sparkling varieties) 
29202 Wines, White (including sparkling varieties) 
29203 Fortified Wines 
29204 Reduced Alcohol Wines 
29205 De-Alcoholised And Non-Alcoholic Wine (including sparkling varieties) 
293 Spirits 
29301 Spirits 
294 Other Alcoholic Beverages 
29401 Liqueurs 
29402 Cocktails And Other Mixed Drinks 
29403 Other Alcoholic Beverages 
29404 Wine Coolers 
295 Pre-mixed drinks 
29501 Pre-mixed drinks, Cola-Based 
29502 Pre-mixed drinks, Milk-Based 
29503 Pre-mixed drinks, Other 
30 SPECIAL DIETARY FOODS 
301 Formula Dietary Foods 
30101 Biscuit And Bar Meal Replacement 
30102 Milk-Based Liquid Meal Replacements 
30103 Milk-Based Powder Meal Replacements 
30104 Oral Supplement Liquids 
30105 Oral Supplement Powders 
302 Enteral formula 
30201 Enteral formula 
31 MISCELLANEOUS 
311 Yeast, Yeast, Vegetable And Meat Extracts 
31101 Yeast 
31102 Yeast, Vegetable And Meat Extracts 
312 Intense Sweetening Agents 
31201 Intense Sweetener, Powder 
31202 Intense Sweetener, Tablet 
31203 Intense Sweetener, Liquid 
31204 Intense Sweetener, Unspecified 
313 Herbs, Spices, Seasonings And Stock Cubes 
31301 Salt 
31302 Herbs And Spices 
31303 Stock Cubes And Seasonings 
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31304 Stock, Prepared 
314 Essences 
31401 Essences 
315 Chemical Raising Agents And Cooking Ingredients 
31501 Chemical Raising Agents And Cooking Ingredients 
31502 Gelatine 
31503 Other Additives 
32 INFANT FORMULAE AND FOODS 
321 Infant Formulae And Human Breast Milk 
32101 Infant Formulae 
32102 Human Breast Milk 
32103 Toddler Formula, Milk Based 
32104 Toddler Formula, Soy Based 
322 Infant Cereal Products 
32201 Infant Cereals 
32202 Infant Rusks 
32203 Infant Pasta And Rice Dishes 
323 Infant Foods 
32301 Infant Fruit And Fruit-Based Desserts 
32302 Infant Vegetables and Vegetable Based Dinners 
32303 Infant Egg-, Fish-, Poultry- And Meat-Based Dinners 
32304 Infant Custards 
32305 Infant Yoghurts 
32306 Infant Gels 
32307 Other Infant Desserts 
324 Infant Drinks 
32401 Infant Fruit Juices 
33 Dietary supplements 
331 Multivitamin and/or Mineral 
33101 Multivitamin and/or Mineral, tablet, capsule or powder formulation 
33102 Multivitamin and/or Mineral, liquid formulation 
33103 Multivitamin and/or mineral, powder formulation 
332 Single mineral 
33201 Iron supplements 
33202 Fluoride supplements 
33203 Calcium supplements 
33204 Zinc supplements 
33205 Other single mineral supplements 
333 Single vitamin 
33301 Vitamin C supplements 
33302 Vitamin E supplements 
33303 Other single vitamin supplements 
334 Herbal and homoeopathic supplements 
33401 Herbal supplements 
33402 Herbal and vitamin or mineral supplements 
33403 Homoeopathic supplements 
335 Oil supplement 
33501 Fish oil supplements 
33502 Fish oil supplements with added nutrients 
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Food 
Group 
Code 
 
Food Group Name 
33503 Cod liver oil supplements 
33504 Evening Primrose oil supplements 
33505 Other oil supplements 
336 Sports, protein and meal replacement supplement 
33601 Protein supplements 
33602 Meal replacement supplements 
33603 Sports Supplement 
337 Fibre supplement 
33701 Fibre supplement 
338 Probiotics and Prebiotic Supplements 
33801 Probiotics Supplements 
33802 Prebiotic supplements 
339 Other supplements 
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Appendix E. Menu Planning Guidelines for Long Day Care. 
  
 
 
 
 
 
 
 
 
 
Use these guidelines 
to plan a menu with 
the right balance of 
foods and drinks that 
children in long day 
care need for optimal 
growth and 
development. 
 
The Healthy Eating Advisory Service Menu planning guidelines 
for long day care are based on the Australian Dietary Guidelines1 
and the Australian Guide to Healthy Eating2 and are consistent 
with the recommendations in the Australian Government’s Get Up 
& Grow: Healthy Eating and Physical Activity for Early 
Childhood3. 
Following the Menu planning guidelines for long day care will help your 
service strengthen its practice in Quality Area 2 of the National Quality 
Standard4. 
If your centre already has a menu, you can use the Menu planning guidelines 
for long day care to check that the menu meets children’s nutrition needs. 
 
How to use the guidelines 
The Menu planning guidelines for long day care assist with menu planning for 
long day care centres where morning tea, lunch and afternoon tea are 
provided. A menu that includes morning tea, lunch and afternoon tea should 
provide children aged 1–5 years with half of their daily nutrition requirements. 
Services that provide breakfast and/or a late afternoon snack will need to 
offer additional food. 
The Menu planning guidelines for long day care specify the minimum number 
of children’s serves of each of the five food groups that should be provided to 
1-5 year old children each day in care. A children’s serve refers to the portion 
of food appropriate for children aged 1–5 years. To be practical in the 
childcare setting, these serve sizes have been adapted from the serve sizes 
in the Australian Dietary Guidelines. Detailed information about children’s 
serve sizes is outlined in our resource What’s in a serve5 (Appendix 1). 
The Menu planning guidelines for long day care also include 
recommendations for providing foods and drinks for infants under the age of 
one year. For more information about feeding infants refer to our fact sheet 
Menu planning for babies6. 
For easy reference these guidelines have been summarised into a Menu 
planning checklist for long day care7  (Appendix 2). 
If you have any queries, please contact the Healthy Eating Advisory Service 
on 1300 22 52 88 or email heas@nutritionaustralia.org. 
 
1 Australian Dietary Guidelines, National Health and Medical Research Council, 2013, 
www.eatforhealth.gov.au 
2 Australian Guide to Healthy Eating, National Health and Medical Research Council, 2013, 
www.eatforhealth.gov.au 
3 Get Up & Grow: Healthy Eating and Physical Activity for Early Childhood, Commonwealth of 
Australia, 2009, www.health.gov.au/internet/main/publishing.nsf/Content/phd-early-childhood- 
nutrition-resources 
4 National Quality Standard, Australian Children’s Education and Care Quality Authority, 
www.acecqa.gov.au 
5 What’s in a serve, Healthy Eating Advisory Service, 2014, www.heas.health.vic.gov.au 
6 Menu planning for babies, Healthy Eating Advisory Service, 2014, www.heas.health.vic.gov.au 
7 Menu planning checklist for long day care, Healthy Eating Advisory Service, 2014, 
www.heas.health.vic.gov.au 
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Avoid processed 
meats like sausages, 
frankfurts, Strasburg 
and middle bacon. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Include vegetarian 
meals on the menu 
at least once per 
fortnight for variety. 
Lean meat and poultry, fish, eggs, tofu, nuts and seeds and 
legumes/beans 
Offer 1 children’s serve of lean meat, poultry, fish or alternatives per 
child per day. 
One children’s serve of lean meat, poultry, fish or alternatives is equal to half 
a serve in the Australian Dietary Guidelines. This is equivalent to: 
• 50g raw lean red meat (e.g. beef, lamb, kangaroo), lean pork or poultry (e.g. 
chicken) without the bone 
• 30g lean cooked red meat 
• 40g cooked poultry (skin off) 
• 60g raw fish or 50g canned or cooked fish 
• 35g dry weight beans or legumes or 85g (½ cup) cooked or canned 
(drained) beans or legumes 
• 15g peanut butter or nuts (if centre policy allows) 
• 1 egg 
• 20g dry weight Textured Vegetable Protein (TVP) 
• 85g tofu 
• 60g hummus. 
Lean red meat should be served 4 times per fortnight, lean pork or poultry 2 
times per fortnight and fish 1–2 times per fortnight (preferably 2). 
Lean ham or lean bacon may be included on the menu once or twice per 
week (either once as a major ingredient in a meal and once as a minor 
ingredient in a meal, or twice as a minor ingredient in a meal). 
Other processed meats should not be included on the menu. This includes 
sausages, sausage mince, frankfurts, hot dogs, cabana, salami, Strasburg, 
Devon, middle bacon and some commercial chicken and fish products. 
 
Vegetarian meals 
Include vegetarian meals on the menu at least once per fortnight for 
variety. 
Vegetarian meals should include: 
• a food containing protein such as eggs, legumes (e.g. chickpeas), milk, 
yoghurt, cheese, soy products (e.g. tofu) or nuts (if centre policy allows) 
AND 
• a food containing iron (if not already included) such as spinach, legumes 
(e.g. chickpeas), baked beans, peas, tofu, eggs and broccoli 
AND 
• a fruit or vegetable high in vitamin C (to enhance iron absorption by the 
body) such as capsicum, broccoli, kiwifruit, Brussels sprouts, paw paw, 
cauliflower, orange, mandarin, berries, cabbage, cantaloupe, frozen mixed 
vegetables, broad beans, spinach, sweet potato, potato, pineapple, 
cherries, raw tomato, zucchini, peas and green beans. 
 
Fruit 
Offer 1 children’s serve of fruit* per child per day. 
One children’s serve of fruit is equal to half a serve in the Australian Dietary 
Guidelines. This is equivalent to: 
• 75g fresh fruit (1 small piece, ½ medium piece or equivalent amount of 2-3 
types) 
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Fruit juice is a 
concentrated source 
of sugar and should 
not be offered as a 
drink. 
 
 
 
 
 
 
 
 
 
Offer a variety of 
vegetables and 
legumes/beans every 
day 
 
 
 
 
 
 
 
 
 
 
Flavoured milk is not 
an appropriate drink 
for young children 
and should not be 
included on the 
menu. 
• 75g (½ cup) diced, cooked or canned (drained) fruit 
• 15g dried fruit. 
A variety of fruit should be provided, at least 2–3 different types per day 
and 5 different types per week. 
Dried fruit is a concentrated source of sugar which leaves a sticky residue on 
teeth and can contribute to tooth decay. If included on the menu it should be 
offered no more than once per week. 
Fruit juice is also a concentrated source of sugar and should not be offered as 
a drink. 
* Some hard fruit may need to be cooked, mashed, grated or very finely sliced 
to prevent choking. 
 
Vegetables and legumes/beans 
Offer 1–1½ children’s serves of vegetables* and legumes/beans per 
child per day. 
One children’s serve of vegetables and legumes/beans is equal to one serve 
in the Australian Dietary Guidelines. This is equivalent to: 
• 75g fresh, frozen, canned (drained) or cooked vegetables (½ cup cooked, 1 
cup salad, ½ medium potato) 
• 30g dry weight beans or legumes or 75g (½ cup) cooked or canned beans 
or legumes. 
A variety of vegetables and/or legumes should be provided, at least 2–3 
different types per day and 5 different types per week. 
* Some hard vegetables may need to be cooked, mashed, grated or very 
finely sliced to prevent choking. 
 
Milk, yoghurt, cheese and/or alternatives 
Offer 2 children’s serves of milk, yoghurt, cheese and/or calcium 
fortified alternatives per child per day. 
One children’s serve of milk, yoghurt, cheese and/or alternatives is equal to 
just under half a serve in the Australian Dietary Guidelines. This is equivalent 
to: 
• 100ml milk/calcium fortified soy or rice drink 
• 50ml evaporated milk 
• 15g milk powder 
• 100ml custard 
• 80g yoghurt/calcium fortified soy yoghurt 
• 15g hard cheese (1 slice), 50g ricotta cheese. 
Cream, sour cream and butter are not substitutes for milk, yoghurt and 
cheese. 
It is recommended that milk is offered as a drink at morning tea and/or 
afternoon tea every day. 
Full fat varieties of milk, yoghurt, cheese and/or alternatives should be used 
for children less than 2 years of age. Reduced fat milk, yoghurt, cheese 
and/or alternatives are suitable for children over the age of 2 years. 
Ensure dairy alternative products such as soy drinks and soy yoghurt are 
calcium fortified (with at least 100mg of added calcium per 100mL). 
Flavoured milk is not an appropriate drink for young children and should not 
be included in the daily menu. 
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Some foods and 
drinks should not be 
included on the daily 
menu. These are 
usually high in 
saturated fat, added 
sugar and/or salt and 
are low in fibre. 
Grain (cereal) foods 
Offer 2 children’s serves of grain (cereal) foods per child per day. 
Include high fibre (wholemeal and wholegrain) varieties at least 3 times 
per week, preferably every day. 
One children’s serve of grain (cereal) foods is equal to one serve in the 
Australian Dietary Guidelines. This is equivalent to: 
• 40g bread (1 slice, ½ medium roll or flatbread) 
• 1 crumpet or small English muffin 
• 30g breakfast cereal flakes (⅔ cup), 2 Weetbix™ or similar, ¼ cup muesli or 
porridge 
• 30g dry weight rice, pasta, noodles, couscous, barley, buckwheat, 
semolina, cornmeal, quinoa, polenta (½ cup cooked) 
• 30g flour (¼ cup) 
• 35g crispbread (3–4 cracker biscuits or crispbread , 3 thick rice cakes, 6 
thin rice cakes or corn thins, 12 plain rice crackers) 
 
Foods and drinks that should not be included in the daily 
menu 
Some foods and drinks should not be included in the daily menu. These items 
are generally high in saturated fat, added sugar and/or added salt and are low 
in fibre, and typically have little nutritional value. 
Examples of foods and drinks which should not be included in the daily menu 
are8: 
• chocolate, confectionary, jelly 
• sweet biscuits, high fat/high salt savoury biscuits, chips 
• high sugar/high fat cakes and slices 
• cream, ice cream 
• deep fried foods (e.g. hot chips) 
• pastry based foods (e.g. pies, sausage rolls and pasties) 
• most fast food and takeaway foods 
• some processed meats (e.g. sausages, frankfurts/hot dogs, salami, 
Strasburg, Devon, some commercial chicken nuggets and fish fingers) 
• sweet drinks such as soft drinks, fruit juice and fruit drinks, cordial, sports 
drinks, sports waters, flavoured waters, flavoured mineral waters, iced teas 
and energy drinks. 
 
Fats and oils 
Use mostly polyunsaturated (e.g. sunflower, safflower) and/or 
monounsaturated (e.g. canola, olive, peanut, sunflower, soybean, sesame) 
oils and spreads in cooking and baking. 
Avoid palm, cottonseed and coconut oils or oil blends that contain these, as 
well as cream, sour cream, butter, copha, ghee and lard. 
 
 
 
 
 
 
 
 
8 Get Up & Grow: Healthy Eating and Physical Activity for Early Childhood, Commonwealth of 
Australia, 2009, www.health.gov.au/internet/main/publishing.nsf/Content/phd-early-childhood- 
nutrition-resources 
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Avoid adding salt 
during cooking, and 
choose packaged 
foods with ‘low salt’, 
‘reduced salt’ or ‘no 
added salt’ written on 
the label. 
 
 
 
 
Choose breakfast 
cereals which are 
low in added sugar. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Offer water at all 
meals and freely 
throughout the day. 
Salt 
Salt should not be added to cooking or be available at the table. 
Salt is often added to foods that are processed (e.g. some breakfast cereals 
and bread), preserved (e.g. tuna in brine, smoked goods, ham) or cooked in 
salty solutions (e.g. some sauces or stocks) or foods that have flavours added 
(e.g. some savoury biscuits and pasta sauces). 
When selecting packaged foods, choose ‘low salt’, ‘reduced salt’ or ‘no added 
salt’ products. 
Use herbs and spices to enhance the flavour of meals. 
 
Breakfast 
If breakfast is provided it should be based on grains (breads and cereals) as 
well as milk, yoghurt, cheese and alternatives. 
At least one wholemeal or wholegrain choice should be provided every day at 
breakfast. 
Breakfast cereals should be low in added sugars (less than 15g of sugar per 
100g if dried fruit is not an ingredient, or less than 25g per 100g if dried fruit is 
an ingredient). 
Fruits and vegetables are also good choices to include at breakfast. 
 
Morning and afternoon tea 
Morning tea and afternoon tea should be planned and documented on 
the menu. 
Foods and drinks included at morning tea and afternoon tea should be 
nutritious and based on choices from the five food groups. These may 
include milk based custard, yoghurt, cheese, eggs, legumes (e.g. baked 
beans), healthy dips (e.g. hummus), fruit, vegetables, bread, crackers and 
crispbread which are lower in fat and salt and baked items such as pikelets, 
scones and muffins which use some wholemeal flour and are lower in sugar 
and fat. 
Baked items should not be provided every day. If provided, they should 
not contain large amounts of fat and sugar and should preferably include 
some fruit or vegetables and wholemeal flour. 
 
Late snack 
An extra snack is recommended for children attending eight or more hours in 
care. If you offer a late snack it should be documented on the menu. 
Foods and drinks included at late snack should be nutritious and based on 
choices from the five food groups. 
 
Drinks 
Water is offered at all meals and is available freely throughout the day. 
Plain milk is another healthy drink option for children. Full-fat milk should be 
given to children under the age of 2 years. Reduced-fat milk is suitable for 
children over 2 years of age. 
Sugar sweetened drinks such as soft drinks, fruit drinks, cordial, sports 
drinks, sports waters, flavoured waters, flavoured mineral waters, iced 
teas and energy drinks should not be included on the menu. 
Flavoured milk and fruit juice are not appropriate drinks for young children 
and should not be included in the daily menu. 
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For infants, offer 
healthy foods which 
contain iron each 
day. These should 
be an appropriate 
texture for infants’ 
developmental 
stages 
Feeding infants under 12 months of age 
Breast milk, infant formula and cooled boiled tap water should be the 
only drinks provided to infants until 12 months of age. 
From around 6 months a variety of age-appropriate solid foods should 
be offered. Solid foods should be an appropriate texture and 
consistency for infants’ developmental stages. For ease, modify the 
regular menu so that it is appropriate for infants. 
Include iron containing nutritious foods each day e.g. iron fortified 
cereals, pureed meat, poultry and fish, cooked mashed tofu, legumes (e.g. 
chickpeas or lentils) or eggs. 
Fruit, vegetables, grains and milk, yoghurt, cheese and alternatives should 
also be available for infants every day. 
For more information about feeding infants refer to our fact sheet Menu 
planning for babies. 
 
Foods and drinks for children with allergies 
Children with allergies should be provided with suitable alternatives to 
foods and drinks that are not tolerated. 
This should be documented on the menu. 
For more information about cooking for children with allergies and intolerances refer to 
www.heas.health.vic.gov.au/early-childhood-services/allergy-and-intolerance 
 
Food variety 
The menu should be varied and should meet the social and cultural 
needs of children. This means that: 
• the menu includes a variety of meals from different cultures 
• the menu includes a variety of tastes, colours, textures (e.g. crunchy, soft) 
and flavours 
• main meals are not repeated in a two-week menu cycle 
• the main ingredient in a meal is not repeated on the same day each week 
(e.g. fish is not provided every Friday only). 
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Appendix 1 What’s in a serve? 
Use this table to make sure you offer enough food from each core food 
group to meet the nutrition needs of 1 – 5 year old children in long day 
care. 
A children’s serve refers to the portion of food appropriate for children aged 1–5 years. To be practical in the childcare 
setting, these serve sizes have been adapted from the serve sizes in the Australian Dietary Guidelines9. 
Essential foods for long day care menu planning 
 
Food group Minimum 
amount per 
day in care 
Minimum 
children’s 
serve per day 
in care 
Examples of 1 children’s serve 
Lean meat and 
poultry, fish, 
eggs, tofu, nuts 
and seeds and 
legumes/beans 
50g raw 
meat/poultry or 
equivalent 
1 children’s serve One children’s serve of lean meat, poultry, fish or 
alternatives is equal to half a serve in the Australian Dietary 
Guidelines. This is equivalent to: 
• 50g raw lean red meat (e.g. beef, lamb, kangaroo), lean 
pork or poultry without the bone 
• 30g lean cooked red meat 
• 40g cooked chicken (skin off) 
• 60g raw fish or 50g canned or cooked fish 
• 35g dry weight beans or legumes or 85g (½ cup) cooked 
or canned (drained) beans or legumes 
• 15g peanut butter or nuts (if centre policy allows) 
• 1 egg 
• 20g dry weight Textured Vegetable Protein (TVP) 
• 85g tofu 
• 60g hummus 
Fruit 75g fruit 1 children’s serve One children’s serve of fruit is equal to half a serve in the 
Australian Dietary Guidelines. This is equivalent to: 
• 75g fresh fruit* (1 small piece, ½ medium piece or 
equivalent amount of 2–3 types) 
• 75g (½ cup) diced, cooked or canned (drained)fruit 
• 15g dried fruit# 
Vegetables and 
legumes/beans 
75–100g 
vegetables or 
legumes 
1–1½ children’s 
serves 
One children’s serve of vegetables and legumes/beans is 
equal to one serve in the Australian Dietary Guidelines. 
This is equivalent to: 
• 75g fresh, frozen, canned (drained) or cooked 
vegetables* (½ cup cooked, 1 cup salad, ½ medium 
potato) 
• 30g dry weight beans or legumes or 75g (½ cup) cooked 
or canned beans or legumes (drained) 
 
9 Australian Dietary Guidelines, National Health and Medical Research Council, 2013, www.eatforhealth.gov.au 
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Essential foods for long day care menu planning 
 
Milk, yoghurt, 
cheese and/or 
alternatives 
200mL milk or 
equivalent 
2 children’s 
serves 
One children’s serve of milk, yoghurt, cheese and/or 
alternatives is equal to just under half a serve in the 
Australian Dietary Guidelines. This is equivalent to: 
• 100mL milk/calcium fortified soy or rice drink 
• 50mL evaporated milk 
• 15g milk powder 
• 100mL custard 
• 80g yoghurt/calcium fortified soy yoghurt 
• 15g hard cheese (1 slice), 50g ricotta cheese 
Grain (cereal) 
foods 
2 slices bread or 
equivalent 
2 children’s 
serves 
One children’s serve of grain (cereal) foods is equal to one 
serve in the Australian Dietary Guidelines. This is 
equivalent to: 
• 40g bread (1 slice, ½ medium roll or flatbread) 
• 1 crumpet or small English muffin 
• 30g breakfast cereal (⅔ cup), 2 Weetbix™ or similar, ¼ 
cup muesli or porridge 
• 30g dry weight rice, pasta, noodles, couscous, barley, 
buckwheat, semolina, cornmeal, quinoa, polenta (½ cup 
cooked) 
• 30g flour (¼ cup) 
• 35g crispbread (3–4 cracker biscuits or crispbread, 3 
thick rice cakes, 6 thin rice cakes or corn thins, 12 plain 
rice crackers) 
 
* Some hard fruit and vegetables may need to be cooked, mashed, grated or very finely sliced. 
# Dried fruit leaves a sticky residue on teeth and can contribute to tooth decay. If included on the menu it should only be 
offered once per week. 
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Appendix 2 Menu planning checklist for long day care 
Use this checklist to plan or review two weeks of your menu cycle. 
The number of serves recommended is the minimum required to meet the nutrition and developmental needs of 1–5 
year old children in care. For more information about serving sizes, refer to the fact sheet What’s in a serve?10 
Menu planning checklist for long day care 
 
Main meals Tick if meets guideline 
Red meat: beef, lamb, kangaroo 
Lean red meat is included on the menu at least 4 times 
per fortnight. 
 
    
Pork or poultry 
Lean pork or poultry is included on the menu at least 2 
times per fortnight. 
 
  
Fish 
Fish is included on the menu 1–2 times per fortnight. 
 
  
Vegetarian 
Vegetarian meals are included on the menu at least once 
per fortnight for variety. 
 
  
Lean meats and poultry, fish, eggs, tofu, nuts and 
seeds and legumes/beans 
Tick if meets guideline 
The menu includes 1 children’s serve of meat/meat 
alternatives per child per day. 
One children’s serve11 = 50g raw red meat, pork, poultry; 
60g raw/50g canned fish; 35g dry/85g canned legumes; 1 
egg; 85g tofu. 
Mon Tues Wed Thurs Fri 
Week 1 
Week 2 
Lean ham or bacon may be included on the menu once or 
twice per week (either once as a major ingredient and 
once as a minor ingredient, or twice as a minor 
ingredient). 
No other processed meats such as sausages, sausage 
mince, frankfurts, hot dogs, cabana, salami, Strasburg, 
Devon, middle bacon and some commercial chicken and 
fish products are included on the menu. 
 
 
 
 
 
 
 
 
10What’s in a serve?, Healthy Eating Advisory Service, Department of Health and Human Services, State Government of Victoria, 2012, 
www.heas.healthytogether.vic.gov.au 
11 One children’s serve of lean meat, poultry, fish or alternatives is equal to half a serve in the Australian Dietary Guidelines. 
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Vegetarian meals Tick if meets guideline 
Vegetarian meals include: 
• a food containing protein such as eggs, legumes (e.g. 
chickpeas), milk, yoghurt, cheese, soy products (e.g. 
tofu) or nuts (if centre policy allows) 
AND 
• a food containing iron (if not already included) such as 
spinach, legumes (e.g. chickpeas), baked beans, peas, 
tofu, eggs and broccoli 
AND 
• a fruit or vegetable high in vitamin C (e.g. capsicum, 
broccoli, kiwifruit, Brussels sprouts, paw paw, 
cauliflower, orange, mandarin, berries, cabbage, 
cantaloupe, frozen mixed vegetables, broad beans, 
spinach, sweet potato, potato, pineapple, cherries, raw 
tomato, zucchini, peas, green beans). 
Fruit Tick if meets guideline 
The menu includes at least 1 children’s serve of fruit per 
child per day. 
One children’s serve12 = 75g fresh/canned/cooked fruit. 
Fruit juice is a concentrated source of sugar and should 
not be offered as a drink. 
The menu includes a variety of fruit: 
• At least 2–3 different types each day. 
• At least 5 different types each week. 
 
 
5 types of fruit per week 
 
Week 1 
Week 2 
Dried fruit is not offered more than once per week. 
 
Vegetables and legumes/beans Tick if meets guideline 
The menu includes at least 1–1½ children’s serves of 
vegetables and legumes per child per day. 
One children’s serve13 = 75g fresh/frozen/canned/cooked; 
1 cup salad; 30g dry/75g canned legumes. 
 
The menu includes a variety of vegetables and legumes: 
• At least 2–3 different types each day. 
• At least 5 different types each week. 
 
 
5 types of vegetables per week 
 
Week 1 
Week 2 
 
 
12 One children’s serve of fruit is equal to half a serve in the Australian Dietary Guidelines. 
13 One children’s serve of vegetables and legumes/beans is equal to one serve in the Australian Dietary Guidelines. 
Protein 
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Milk, yoghurt, cheese and/or alternatives Tick if meets guideline 
The menu includes at least 2 children’s serves of milk, 
yoghurt, cheese or calcium fortified alternatives per child 
per day. 
One children’s serve14 = 100ml milk/soy drink; 80g 
yoghurt; 100ml custard; 15g hard cheese; 50g ricotta 
cheese. 
Full fat varieties of milk, yoghurt, cheese and alternatives 
should be used for children less than 2 years. Reduced-fat 
milk, yoghurt, cheese and alternatives are suitable for 
children over 2 years of age. 
Cream, sour cream and butter are not substitutes for milk, 
yoghurt and cheese. 
Flavoured milk is not an appropriate drink for young 
children and should not be included in the daily menu. 
 
 
Week 1 
Week 2 
Mon Tues Wed Thurs Fri 
Grain (cereal) foods Tick if meets guideline 
The menu includes at least 2 children’s serves of grain 
(cereal) foods per child per day’. 
One children’s serve15=1 slice bread; ½ roll; 30g dry 
rice/pasta/noodles/couscous; 30g flour; 35g crispbread. 
 
 
Week 1 
Week 2 
Mon Tues Wed Thurs Fri 
High fibre varieties (e.g. wholegrain and wholemeal) are 
included at least 3 times per week, preferably every day. 
 
 
Week 1 
Week 2 
Mon Tues Wed Thurs Fri 
Foods and drinks that should not be included in 
the daily menu 
Tick if meets guideline 
Foods and drinks which are high in saturated fat, added 
sugar and/or added salt, and low in fibre with little 
nutritional value are not provided. Examples of these 
foods include: 
• chocolate, confectionary, jelly 
• sweet biscuits, high fat/salt savoury biscuits, chips 
• high sugar/high fat cakes and slices 
• cream, ice cream 
• deep fried foods (e.g. hot chips) 
• pastry based foods (e.g. pies, sausage rolls and pasties) 
• most fast food and takeaway foods 
• some processed meats (e.g. sausages, frankfurts/hot 
dogs, salami, strasburg, devon, some commercial 
chicken nuggets and fish fingers) 
• soft drinks, fruit drinks, cordial, sports drinks, sports 
waters, flavoured waters, flavoured mineral waters, iced 
teas and energy drinks. 
 
 
 
 
 
 
 
 
 
 
Fats and oils Tick if meets guideline 
Polyunsaturated (e.g. sunflower, safflower) and/or 
monounsaturated (e.g. canola, olive, peanut, sunflower, 
soybean, sesame) oils and spreads are used in cooking 
and baking. 
 
 
 
 
14 One children’s serve of milk, yoghurt, cheese and/or alternatives is equal to just under half a serve in the Australian Dietary Guidelines. 
15 One children’s serve of grain (cereal) foods is equal to one serve in the Australian Dietary Guidelines. 
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Palm oil, butter, cream, sour cream, coconut cream, 
copha, ghee and lard are not used in cooking. 
 
 
Salt Tick if meets guideline 
Salt is not added to cooking or available at the table. 
 
 
Breakfast Tick if meets guideline 
If breakfast is provided it is based on grains (breads and 
cereals) as well as milk, yoghurt, cheese and alternatives. 
Grains 
 
Milk, yoghurt, 
cheese/alternatives 
At least one wholemeal or wholegrain choice is provided 
every day. 
 
 
Breakfast cereals are low in added sugars. 
(less than 15g of sugar per 100g if dried fruit is not an 
ingredient, or less than 25g per 100g if dried fruit is an 
ingredient). 
 
 
 
Morning and afternoon tea Tick if meets guideline 
Morning and afternoon tea are planned and documented 
on the menu. 
 
 
Morning tea and afternoon tea are based on foods and 
drinks from the five food groups. 
 
 
Baked items are not provided every day. 
Baked items must be low in added sugars and preferably 
include some fruit and/or vegetables and wholemeal flour. 
 
 
Late snack Tick if meets guideline 
An extra snack is provided for children attending 8 or more 
hours of care and is documented on the menu. 
 
 
Late snack is based on foods and drinks from the five food 
groups. 
 
 
Drinks Tick if meets guideline 
Water is offered at all meals and is available freely 
throughout the day. 
 
 
Soft drinks, fruit drinks, cordial, sports drinks, sports 
waters, flavoured waters, flavoured mineral waters, iced 
teas and energy drinks are not included on the menu. 
Flavoured milk and fruit juice are not appropriate drinks for 
young children and should not be included in the daily 
menu. 
 
 
 
 
Feeding infants under 12 months of age Tick if meets guideline 
Breast milk, infant formula and cooled boiled tap water are 
the only drinks provided to infants under 12 months of 
age. 
 
 
From around 6 months, age-appropriate solid foods are 
offered. 
 
 
Solid foods are an appropriate texture for infants’ 
developmental stages. 
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Iron rich nutritious foods are offered every day. 
 
 
Food and drinks for children with allergies Tick if meets guideline 
Children with allergies are provided with suitable 
alternatives to foods and drinks that are not tolerated. 
 
 
Foods and drinks for children with allergies are 
documented on the menu. 
 
 
Food variety Tick if meets guideline 
The menu includes a variety of meals from different 
cultures. 
 
 
The menu includes a variety of tastes, colours, textures 
(e.g. crunchy, soft, etc) and flavours. 
 
 
Main meals are not repeated in a two-week menu cycle. 
 
 
The main ingredient in a meal is not repeated on the same 
day each week (e.g. fish is not provided every Friday 
only). 
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Abstract: The limited Australian measures to reduce population sodium intake through national 
initiatives targeting sodium in the food supply have not been evaluated. The aim was, thus, to 
assess if there has been a change in salt intake and discretionary salt use between 2011 and 2014   
in the state of Victoria, Australia. Adults drawn from a population sample provided 24 h urine 
collections and reported discretionary salt use in 2011 and 2014. The final sample included 307 
subjects who participated in both surveys, 291 who participated in 2011 only,  and 135 subjects  
who participated in 2014 only. Analysis included adjustment for age, gender, metropolitan area, 
weekend collection and participation in both surveys, where appropriate. In 2011, 598 participants: 
53% female, age 57.1(12.0)(SD) years and in 2014, 442 participants: 53% female, age 61.2(10.7) years 
provided valid urine collections, with no difference in the mean urinary salt excretion between 2011: 
7.9 (7.6, 8.2) (95% CI) g/salt/day and 2014: 7.8 (7.5, 8.1) g/salt/day (p = 0.589), and no difference in 
discretionary salt use: 35% (2011) and 36% (2014) reported adding salt sometimes or often/always 
at the table (p = 0.76). Those that sometimes or often/always added salt at the table and when 
cooking had 0.7 (0.7, 0.8) g/salt/day (p = 0.0016) higher salt excretion. There is no indication over 
this 3-year period that national salt reduction initiatives targeting the food supply have resulted   
in a population reduction in salt intake. More concerted efforts are required to reduce the salt 
content of manufactured foods,  together with a consumer education campaign targeting the use  
of discretionary salt. 
 
Keywords: salt; sodium; sodium chloride; diet; regional; urinary sodium; Australia 
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1. Introduction 
Reducing average salt intake from current high levels (8–9 g/salt/day) in Australia towards 
the World Health Organization’s (WHO) recommended upper daily limit of 5 g per person could 
significantly reduce cardiovascular events and mortality [1].  It has been estimated that reducing  
the sodium content of processed foods by even a modest 15% could prevent 5800 myocardial 
infarctions and 4900 strokes in Australia and New Zealand over a ten-year period, preventing over 
2000 deaths [2]. 
In Australia, studies using the objective measure of 24 h urine collections to assess daily salt 
intake have generally been conducted on convenience samples of adults. Studies published between 
2003 and 2011 indicate average intakes of between 7.0 g/salt/day for women and 9.6 g/salt/day  
for men (expressed as grams of salt: mmol sodium ˆ 23 ˆ 2.54/1000) [3–12]. The most recent 
study,  in 419 participants (55% females) drawn from the population of Lithgow—a regional town  
in New South Wales—in 2011, found the mean dietary salt intake to be 8.8 g/day with men excreting 
10.3(3.8) (SD) g/salt/day and women 7.6(3) g/salt/day [3]. 
The primary determinant of dietary salt intake in developed countries is manufactured foods, 
which has been estimated to contribute more than 75% of the daily amount of salt consumed [13,14]. 
Discretionary salt accounts for a smaller contribution of 10%–15% of daily salt intake [15,16]. 
Estimations of dietary salt intake utilizing dietary recall methods indicate a lower daily intake to 
that found in 24 h urine collections, ranging from an approximate average daily salt intake of 6 g/day 
for women and 8 g/day for men [4–6,17,18]. Although the 2011–2013 National Nutrition and Physical 
Activity Survey indicates a lower average intake of 6.9 g/salt/day for males and 5.2 g/salt/day    
for females [19] from previous surveys, these dietary assessments do not include an estimate of 
discretionary salt use and rely on generic food composition data making estimation of population 
change in total salt intake problematic. 
One of the key strategies to address the high sodium content of manufactured foods in Australia 
was the establishment of the Food and Health Dialogue (FHD) in 2009.   As part of the FHD,             
a Reformulation Working Group was established to investigate priority food categories,  which  
have been identified as presenting an opportunity for public health benefit through reformulation 
and where appropriate, portion sizing and consumer messaging targets. This initiative aimed to 
encourage food manufacturers to voluntary reduce the amount of salt added to processed foods, by 
setting sodium reduction targets for specific food categories. A recent review of the impact of this 
initiative, between 2010 and 2013 concluded that although the goals of the FHD were laudable, there 
were no indicators of the extent to which population exposure to target nutrients—which included 
sodium—had changed, nor any positive or negative health impacts on the population [20]. Therefore 
we aimed to assess daily dietary salt intake, using 24 h urine collections, together with reported 
discretionary salt use, in a sample of adults in the state of Victoria, at two time points: 2011 and 2014 
and assess if there was a change in salt intake during this period. 
2. Methods 
 
2.1. 2011 Survey 
Study participants were recruited from a sample of 3653 people (38% response rate) participating 
in the Victorian Health Monitor survey (VHM) (May 2009 to April 2010) [21].  This  statewide  
survey included non-institutionalized adults aged 18–75 years residing in private dwellings in 50 
randomly selected metropolitan and rural areas, based on a stratified cluster sample within the eight 
Department of Health regions in Victoria. The final sample included 25 Census Collection Districts 
(CDs) from the metropolitan area and 25 CDs from rural areas of Victoria. In 2011,  3487 people  
who participated in the VHM survey, and lived within 100 km of a commercial pathology center 
were invited to participate by providing a 24 h urine collection. Participants who provided a urine 
collection also completed a telephone-administered interview. 
Nutrients 2015, 7, 10501–10512 
10503 
261 
 
 
 
It was estimated that a sample size of 612 would be sufficient to describe a mean intake of 
urinary sodium within a 95% confidence interval of 5 mmol/day, assuming a standard deviation of 
63 mmol/day [7]. Making an allowance for non-participation and incomplete samples we therefore 
followed up 697 of the 1003 participants who indicated interest in participating from the 3487 adults 
invited from the VHM survey. In this sample of 1003 participants we followed up all of those at the 
youngest end of the age distribution range to maximize the number of participants less than 40 years 
of age, where the response rate was lower. 
2.2. 2014 Survey 
The 2014 survey comprised of people who participated in the 2011 survey who indicated their 
willingness to be approached in a follow up study, together with those who had previously indicated 
their willingness to participate in the 2011 study, but were not included (n = 306) because we had 
reached our specified quota. These 306 participants who had indicated their willingness to participate 
previously, but were not included, were sent a letter in 2014 requesting participation in the follow-up 
study. Participation involved collection of a 24 h urine sample, completion of a questionnaire 
assessing discretionary salt use and knowledge and attitudes to salt intake, and reported information 
on body weight, which was returned by mail. 
All participants provided informed consent and the studies were approved by the ethics 
committees of the Alfred Hospital (Project No. 421/10) and Deakin University (Project No. 2011-025). 
2.3. 24 h Urine Collections 
Participants indicating their interest in participating received a phone call from researchers who 
explained the process. Participants were sent urine collection bottles in the mail, with detailed 
pictorial instructions for the collection, together with a recording sheet to note start and finish times 
of their 24 h collections. Researchers identified local pathology centers for each participant and 
participants deposited their 24 h urine collection at their local pathology center. The pathology service 
then sent the sample for analysis to their main laboratory. Participants were advised to drop off the 
24 h collection as soon as possible after completion. Participants recorded the start and end times for 
their urine collection and reported any missed urine during the 24 h collection period.  Within the  
24 h collection period subjects collected a spot or timed urine collection into a separate bottle which 
was analyzed separately and the results added to the other collection to obtain the total excretion for 
24 h. The collection of spot urines within the 24 h urine collection period formed part of a separate 
validation study. The reported start and finish times of the collections were used to calculate total 
daily excretion. The length of collection times for valid urine collections varied from 14 to 31 h with 
all urinary results standardized to a 24 h period. It is known that 24 h creatinine excretion in adults 
can be predicted from body weight, height, age and gender and has been used in a number of studies 
to assess completeness of urine collections [22]. In addition, criteria based on low urine volume, 
reported missed collections and extreme statistical outliers, which are similar to those previously 
utilized were used to identify probable over and under collection of 24 h samples [3]. 
The urine samples were received, processed and analyzed by the Australian accredited 
pathology service centers of Healthscope and Dorevitch. Urinary sodium and potassium 
concentration were determined using ion-selective electrodes and urinary creatinine concentration 
was determined from the kinetic Jaffe reaction using the Advia 2400 Clinical Chemistry System (Siemens). 
2.4. Demographic, Anthropometric and Dietary Data 
Demographic data and height measurements were obtained as part of the VHM survey. Height 
was measured to the nearest 0.1 cm without shoes using a stadiometer. Annual household income 
and highest level of education of the participant were self-reported in VHM and used as indicators 
of socioeconomic status. In 2011 participants provided information on their current body weight 
together with information on salt use during cooking and at the table during a phone interview 
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which occurred within three days of the 24-h urine collection.  There were 5 response options for  
use of salt in cooking and at the table (never, rarely, sometimes, often, always). Body mass index 
(weight kg/height m2) was calculated from self-reported weight at the time of interview in 2011 and 
self-reported weight on return of the questionnaire for 2014. 
All participants received a shopping voucher to the value of $20,  or a double-pass movie  
ticket on completion of each 24 h urine collection (2011, 2014) together with a summary of their 
individual results. 
2.5. Statistical Analysis 
Participant characteristics are presented as mean (SD), mean (95% CI) or n (%). Baseline 
comparisons were made using t-tests and chi-square tests for continuous and categorical variables, 
respectively. Linear  mixed  effect  modelling  with  maximum  likelihood  estimation  was  applied 
to assess the change in sodium intakes from 2011 to 2014, adjusting for demographic and 
anthropometric covariates (i.e., fixed effects: gender, age, self-reported body weight, urban/regional 
residence, weekend day collections). Random effects were included to account for variance within 
participants and within recruitment clusters (i.e., cluster 1 participated in 2011 only, cluster 2 participated 
in 2014 only, cluster 3 participated in both 2011 and 2014). This same model was used to obtain 
overall and sex-specific adjusted mean 24-h sodium excretion (mmol/24 h) and salt equivalents  
(salt (g) (mmol sodium ˆ 23 ˆ 2.54/1000). For descriptive purposes and to assess associations 
between discretionary salt use and sodium excretion, the five response options were contracted into 
two categories: never or rarely; and sometimes, often, or always. Assessment of the association of 
discretionary salt use with 24 h sodium excretion was adjusted for gender using ordinary least squares 
linear regression and these adjusted values were contrasted across the two categories of discretionary 
salt use (Never or Rarely, and Sometimes, Often or Always) with post estimation procedures 
(standard errors derived using delta method). We derived odds ratios using binary logistic regression 
to assess associations with discretionary salt use. Residential postcodes were used to classify place 
of residence as either city/metropolitan (Melbourne metropolitan) or regional/rural [23]. In addition 
the state based (i.e., Victoria) Index of Relative Socio-Economic Disadvantage (SEIFA) was derived 
from residential postcodes [24]. Data were analyzed using Stata/SE 13.1 (StataCorp, College Station, 
TX, USA). 
3. Results 
In 2011, of the 697 formally invited to participate in the study, 605 subjects participated. In  
2014, 594 of those participating in 2011 were approached, together with an additional 306 people who 
expressed interest in the 2011 survey but did not participate resulting a total sample of 448 in 2014 of 
which 315 had previously participated and 133 participated for the first time. 
Seven urine collections in 2011 and 6 collections in 2014 were excluded due to likely errors in 
collection:  women with 24-h creatinine <4 mmol/day (n = 3),  men with 24-h creatinine <6 mmol   
(n = 2), men with 24 h creatinine >3 SD from mean (n = 3), women with 24 h creatinine >3 SD from 
mean (n = 2), 24 h urine volume <500 mL (n = 2), and one reported missing more than one void within 
the collection period. 
The final sample of valid urines included 307 subjects  who  participated  in  both  surveys 
(2011 and 2014) (n = 614 urine collections), 291 from those who participated in 2011 only, and 135 
subjects who participated for the first time in 2014. Seven individuals who participated in both 
years had invalid urine collections in one year (4 in 2011, 3 in 2014). Therefore there were 598 valid 
urines provided in 2011 and 442 in 2014, with an overall total of 1040 urine collections from 733 
individuals. Overall there was a balanced gender split, approximately 53% females and no difference 
in gender between the two years of collections (Table 1). Men excreted more salt than women by 
37%:  9.2 (8.9, 9.5) (mean (95%CI)) g/salt/day versus 6.7 (6.4, 7.0) g/salt/day; p < 0.001, and this 
difference remained 23% higher even after adjustment for body weight: 8.7 (8.4, 9.0) g/salt/day vs. 7.1 
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(6.8, 7.4) g/salt/day; p < 0.001 (combined 2011 and 2014). The 2014 group was older by about 4 years, 
which reflects the 3 years time difference between surveys. Although 18% more of the 2014 group 
had completed tertiary education compared to the 2011 group (p = 0.018), annual household income 
did not differ between the years (p = 0.4). 
 
Table 1. Demographic characteristics (2011, 2014). 
 
Mean (95% Confidence Intervals) 
 
2011 (n = 598) 2014 (n = 442) 2011 & 2014 
 
Women, n (%) 320 (53.5%) 235 (53.2%) 555 (53.4%) 
Age (year) 57.1 (56.2, 58.1) 61.2 (60.2, 62.2) a 58.9 (58.2, 59.6) 
Weight (kg) f 76.2 (75.0, 77.5) 75.5 (74.0, 77.0) 75.9 (75.0, 76.9) 
Body Mass Index (kg/m2) f 26.6 (26.2, 27.0) 26.4 (25.9, 26.8) 26.5 (26.2, 26.8) 
Urinary volume (mL/day) 2085 (2056, 2154) 2052 (1974, 2130) 2071 (2019, 2123) 
Creatinine (mmol/day) 11.7 (11.5, 12.0) 11.5 (11.2, 11.9) 11.6 (11.4, 11.9) 
Urinary sodium (mmol/day) 137.9 (133.4, 142.5) 130.1 (124.6, 135.7) e 134.6 (131.1, 138.1) 
Urinary salt (g/day) g 8.1 (7.8, 8.3) 7.6 (7.3, 7.9) e 7.9 (7.7, 8.1) 
Urinary salt (g/day) 
(adjusted) h 
Urinary salt (g/day) 
(adjusted) i 
Urinary potassium 
(mmol/day) 
8.0 (7.7, 8.2) 7.8 (7.5, 8.1) 7.9 (7.7, 8.1) 
 
7.9 (7.6, 8.2) 7.8 (7.5, 8.1) 7.8 (7.7, 8.1) 
 
77.8 (75.8, 79.7) 76.5 (74.1, 78.9) 77.2 (75.7, 78.7) 
Urinary Na+/K+ ratio (/day) 1.9 (1.8, 1.9) 1.8 (1.7, 1.9) 1.8 (1.8, 1.9) 
(n, frequency) (%) 
Weekend urine sample 179 (29.9%) 99 (22.4%) b 278 (26.7%) 
Metropolitan Melbourne 366 (61.2%) 241 (54.5%) c 607 (58.4%) 
Age range 
<40 years 65 (10.9%) 16 (3.6%) d 81 (7.8%) 
40–60 years 261 (43.7%) 165 (37.3%) d 426 (41%) 
60 years 272 (45.5%) 261 (59.1%) d 533 (51.3%) 
 
Annual household income 
$40,000 156 (26.1%) 99 (22.4%) 255 (24.5%) 
$40–70,000 144 (24.1%) 102 (23.1%) 246 (23.7%) 
>$70,000 265 (44.3%) 218 (49.3%) 483 (46.4%) 
 
Don’t know/Refused 33 (5.5%) 23 (5.2%) 56 (5.4%) 
Highest level of education 
No tertiary education 346 (57.9%) 223 (50.5%) e 569 (54.7%) 
With tertiary education 252 (42.1%) 219 (49.6%) e 471 (45.3%) 
SEIFA IQR (Vic) i 
<25th percentile 70 (11.7%) 50 (11.3%) 120 (11.5%) 
25–75th percentile 262 (43.8%) 180 (40.7%) 442 (42.5%) 
ě75th percentile 266 (44.5%) 212 (48%) 478 (46%) 
a  p < 0.001 T-test;  b  <0.01 chi squared (χ2);  c  <0.05 chi squared (χ2);  d  <0.001 chi squared (χ2);  e  <0.05 T-test; 
f self-reported weight; g  expressed as grams of salt (mmol sodium  23  2.54/1000);  h  adjusted for age,  
gender, greater Melbourne area, weekend/weekday collection; i adjusted for age, gender, greater Melbourne 
area, weekend/weekday, participation in both surveys. 
 
The sample in 2014 also had a slightly lower proportion of residents (7%) from the greater 
Melbourne area and 7% fewer performed their urine collections on a weekend day in 2014. Salt 
excretion was higher on weekend days (i.e., Saturday and Sunday) than week days: 8.4 (8.0, 8.8) g/salt/day 
versus 7.7 (7.4, 8.0) g/salt/day; p = 0.003. 
Daily urinary salt excretion was higher in residents of the greater Melbourne area compared   
to regional Victoria: 8.1 (7.8, 8.4) g/salt/day vs. 7.6 (7.3, 8.0); p = 0.054. This regional difference 
remained after adjustment for age, gender, day of collection, tertiary education,  and participation  
in both studies:  8.1 (7.8, 8.3) versus 7.6 (7.2, 7.9) g/salt/day; p = 0.02).   When adjusting for age, 
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gender, regional/metro & participation in both years, those with tertiary education had lower salt 
excretion 7.4 (7.1, 7.7) g/salt/day versus 8.2 (7.9, 8.5) g/salt/day for participants with no tertiary 
education (p < 0.001). Furthermore the participants in the highest income classification (>$70 K) 
excreted less salt compared to the lowest income classification (<40 K), 7.6 (7.3, 7.9) g/salt/day and 8.4 
(8.0, 8.8) g/salt/day respectively (p = 0.004). Postcode SEIFA index did not predict 24 h salt excretion 
(data not shown). 
The 2014 sample had a slightly lower mean 24 h excretion of salt, however once adjusted for 
the key confounders, age, gender, metropolitan region, weekend collection and participation in both 
surveys, there was no difference between sampling years mean salt excretion: 7.9 g/salt/day 2011 
versus 7.8 g/salt/day in 2014; p = 0.63. There was no difference between years when split by gender 
(p = 0.59): Males in 2011 (n = 278) 9.2 (8.9, 9.6) g/salt/day and in 2014 (n = 207) 9.1 (8.7, 9.5) g/salt/day, 
and females in 2011 (n = 320) 6.8 (6.4, 7.1) g/salt/day and in 2014 (n = 235) 6.6 (6.3, 7.0) g/salt/day 
(adjusted for age, metropolitan region, weekend collection and participation in both surveys). 
Use of Discretionary Salt 
The reported frequency of use of salt at the table and in the cooking did not differ between  
2011 and 2014 (Figure 1) such that 35% in 2011 and 36% in 2014 reporting adding salt sometimes or 
often/always at the table (p = 0.76), and 44% in 2011 and 47% in 2014 reporting adding salt sometimes 
or often/always during cooking (p = 0.29) (gender adjusted). First time participants in 2014 were more 
likely to use salt at the table than those participating for a second time (Odds Ratio (OR): 1.6 (1.1 to 2.4), 
but there was no difference in reported salt use during cooking. Participants living in regional areas 
(regional cities, large towns and surrounding agricultural areas) were less likely to add salt during 
cooking (OR: 0.5 (0.4, 0.7)). 
 
 
 
2011 
 
Never/rarely 
Sometimes/often/always 
 
 
 
2014 
Never/rarely 
Sometimes/often/always 
0 20 40 60 80 
Proportion (%) 
 
(a) 
 
 
2011 
Never/rarely 
Sometimes/often/always 
 
 
 
2014 
Never/rarely 
Sometimes/often/always 
0 20 40 60 
Proportion (%) 
(b) 
 
Figure 1. Frequency of salt use at the table and in cooking in 2011 and 2014. (a) Reported use of table 
salt in 2011 (n = 598) and 2014 (n = 442); (b) Reported use of cooking salt in 2011 (n = 580 a) and 2014 
(n = 438 b); a Excludes 2 females and 16 males who reported not cooking; b Excludes 4 males who 
reported not cooking. 
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(95% CI) 
 
Across both surveys, almost 60% reported sometimes or often/always adding salt at the table 
and sometimes or often/always adding salt in cooking (Table 2). Men were more likely than women 
to report adding salt at the table (OR: 1.5 (1.1, 2.0)), but not more likely to add salt in cooking (OR: 0.9 
(0.7 to 1.2)). There was no association of age with reported salt use at the table. Categories of income 
were not associated with salt use at the table or in cooking, but those who were tertiary educated 
were marginally more likely to report adding salt when cooking (OR: 1.4 (1.0, 1.8)). 
 
Table 2. Comparison of 24 h sodium and salt excretion (mean (95% CI) by frequency of use salt in 
cooking and at the table for individuals participating in both surveys (n = 733). 
 
 
Reported Use of Salt Frequency  % Sodium mmol/Day 
a
 
Salt g/Day a 
(95% CI) 
p-Value for 
Difference a,c 
 
 
 
 
the table 
when cooking b 
 
never/rarely add salt in cooking b 
 
add salt in cooking b 
a gender adjusted; b 18  participants  reporting  that  they  do  not  cook  were  excluded;  c  Comparison  of 
salt excretion among participants who “never/rarely add salt” vs. “sometimes or often/always add salt” 
conducted using post estimation procedures following ordinary least squares regression. 
 
Mean daily salt excretion was 0.7 (0.3, 1.2) g/salt/day higher in participants reporting that they 
sometimes or often/always add salt at the table and when cooking, compared to those reporting 
never or rarely adding salt (Table 2). Participants reporting that they sometimes or often/always 
add salt at the table there was a 0.5 (´0.003, 0.9) (g/salt/day) higher daily salt intake compared to 
those who reported never or rarely adding salt at the table (p = 0.052). This trend for increasing 24 h 
salt excretion with increased frequency of discretionary salt use was evident for table salt (never add 
salt at the table: 7.7 (7.4, 8.0) g/salt/day compared to often and always add salt at the table:  8.6  
(8.0, 9.2) g/salt/day (p = 0.001), although there was no significant difference between participants 
reporting sometimes add salt at the table 8.2 (7.7, 8.8) g/salt/day, compared to the group reporting 
“never” (p = 0.1). 
However there was no significant a difference in daily salt excretion and reported use of salt in 
cooking alone, when comparing never add salt when cooking 7.7 (7.4, 8.0) g/salt/day to often/always 
add salt when cooking 8.2 (7.8, 8.5) g/salt/day (p > 0.07). 
4. Discussion 
The results of this study indicate that there has not been any significant reduction in population 
dietary sodium intake between 2011 and 2014 despite the establishment of the FHD in 2009 [25]. This 
failure to observe a reduction in sodium intake, using the objective measure of 24 h urinary excretion 
with a time frame of 3 years, is not surprising given the slow progress in reducing the sodium content 
of manufactured foods and no specific consumer salt awareness campaign. A number of assessments 
of the change in sodium content of categories of manufactured foods sold in Australia have been 
conducted and have found little change. Between 2008 and 2011 there was no reduction in sodium 
content of pasta sauces and average values were above the 2012 UK target [26]. During the same 
period there was no reduction in Australian ready meal products [27]. A more recent analysis does 
suggest a trend for some sodium reduction with an overall small fall in the mean sodium content of 
fast-food products between 2009 and 2012 [28] and between 2010 and 2013 there was a 9% fall in the 
Never/rarely add salt at the table 471 64% 133.3 (128.4, 138.0) 7.8 (7.5, 8.1) 0.052 
Sometimes or often/always add salt at 262 36% 141.2 (134.8, 147.6) 8.3 (7.9, 8.6)  
Sometimes or often/always add salt 306 43% 139.7 (133.8, 145.7) 8.2 (7.8, 8.5) 0.073 
Never/rarely add salt when cooking b 409 57% 132.5 (127.4, 137.7) 7.7 (7.4, 8.0)  
Never/rarely add salt at the table & 296 41% 128.2 (122.2, 134.2) 7.5 (7.1, 7.8) 0.0016 
Sometimes or often/always add salt at 
the table & sometimes or often/always 419 
 
59% 
 
140.9 (135.8, 145.9) 
 
8.2 (7.9, 8.5) 
 
 
Nutrients 2015, 7, 10501–10512 
10508 
266 
 
 
 
mean sodium level in breads with almost 70% reaching the target together with a 25% reduction in 
the sodium content of breakfast cereal [26]. 
It should be noted that it took more than 7 years for the UK to demonstrate a significant fall    
in mean population salt intake (of 1.4 g/day between 2003 and 2011), assessed with 24 h urinary 
excretion [29].   The salt reduction initiatives in the UK that facilitated this significant reduction      
in population sodium intake were comprehensive and multi-faceted. The initiatives included 
government endorsement of a mean population salt intake target (6 g/salt/day); setting progressively 
lower salt targets for around 80 different categories of food, with clear time frames, assistance 
provided to industry to reformulate food with less salt and strong ministerial support; the promotion 
of clear nutritional labelling; delivery of consumer awareness campaigns with frequent surveys that 
generated media interest; and monitoring of progress with repeated 24-h urinary sodium at 3–5 years 
intervals, together with dietary reporting [29]. The first set of salt reduction targets for the food 
industry covered eighty-five food types in thirty different food categories and were designed to be 
met over a 4 years period [30].   In contrast the Australian FHD has moved very slowly,  as over        
6 years (2009–2015) only 9 food categories have sodium content target levels set. Furthermore a 
recent systematic interim assessment of FHD concluded that while the FHD’s goals were worthy, the 
mechanism for delivering was inadequate with little objective evidence of progress [31]. In contrast, 
in the UK between 2004 and 2011 salt levels in key food products were reduced including a 57% salt 
reduction in breakfast cereals, 30% reduction in soups, 25% in sweet biscuits and 24% in processed 
cheese and 20% in pies [29]. 
As a result of the salt reduction campaign conducted in the UK, 43% of adults in 2009 claimed to 
have made a special effort to reduce salt in their diet compared with 34% of adults in 2004, before 
the campaign commenced [30].   Furthermore the number of adults who generally added salt at    
the table fell from 32.5% in 2003 to 23.2% in 2007 [32] and the reduction in salt use at the table       
was significantly greater after the salt reduction campaign. This compares to our results with 37% 
reporting “sometimes/often/always” adding salt at the able in 2014 and 35% in 2011. Therefore the 
use of salt at the table in this population appears greater than that reported in the UK in 2003, although 
there are some differences in the wording of the question relating to frequency of use. Interestingly we 
did find that those participating for the first time in 2014 were more likely to use salt at the table than 
those participating for a second time which may indicate that participation in the study previously 
raised awareness and led to some moderation of discretionary use of salt, as all participants received 
their individual results with some educational messages. It is also likely that those participating in the 
two surveys were a particularly health conscious group. The reported frequency of table salt use in 
Australia tends to be higher with 60% reporting “sometimes/always” adding salt at the table [33] and 
another survey finding that 52% reported usually/always or sometimes adding salt at the table [34]. 
The most recent Australian health survey (2011) [35] found that a third of surveyed adults reported 
that they add salt “very often” during cooking or when preparing food and 16% of adults reported 
that they add salt “very often” at the table. 
As there is evidence that consumers gradually adapt their taste to foods with less salt [36] and 
public education salt awareness campaigns do result in a reduction in table salt, a consumer education 
campaign would be worthwhile. This should be combined with a transparent accountable framework 
to facilitate the reduction of salt in manufactured foods, as it is likely that both of these changes 
contributed to the 15% reduction in population salt intake achieved in the UK [29]. 
Although dramatic population salt reductions are not possible, even relatively small reductions 
in mean population salt intake can contribute to improved health outcomes.   The 15% reduction    
in population salt intake in the UK appears to have contributed to significant reductions in stroke 
(42%) and ischaemic heart disease (40%) during this period [37].   Therefore given it appears that   
no significant reduction in population sodium intake occurred during this 3 years time interval,      
it is imperative that government, public health agencies and manufacturers upscale the efforts to 
reduce the amount of sodium in the food supply.   In May 2015, the Victorian Health Promotion 
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Foundation launched its “State of Salt”, salt reduction initiative [38,39] with the ambitious goal of 
reducing the average daily salt intake of Victorian adults and children by 1 gram by 2018 with four 
intervention strategies. This initiative includes the development of voluntary programs with the food 
industry, increasing public awareness, strengthening existing policies and monitoring and evaluation. 
Although it is clear that progress can be made by voluntary initiatives between government and 
non-government agencies,  there is a view that some legislation is required to limit the amount       
of salt added to the food supply.   For example some countries such as South Africa have opted       
to legislate maximum levels of sodium in foods which may optimize progress [40]. Furthermore 
mandatory salt limits for processed food have been estimated to avert 18% of Australia’s burden of 
cardiovascular disease, which would be 20 times more than the health gains achieved by a voluntary 
reformulation program [41]. It would be worthwhile to give genuine consideration to a responsive 
regulatory model. It has been proposed that “legislative scaffolding” could be used to escalate from 
self-regulation towards co-regulation if industry fails to play its part in achieving national goals  
and targets. Utilizing a transparent framework to engage with the food industry’s wish to produce 
healthier foods could aid in speeding up the process of reformulation of foods with lower sodium 
content [42,43]. 
This evaluation of salt intake in a sample adult population residing in the state of Victoria 
during 2011 and 2014 clearly indicates that there was no reduction in salt intake as measured by     
24 h urinary excretion of sodium. We had adequate power (80%, p < 0.05) to detect a mean change of 
0.6 g/salt/day with 598 different participants in 2011 and 442 in 2014. Population changes in sodium 
intake, over time utilizing 24 h urine collections are usually conducted in different subjects [44] 
randomly approached, with only a limited number of those who are approached agreeing to provide 
24 h collections (response rates ranging from 73% to 77%) [45].   It is not usual to follow up the   
same participants over time in studies assessing population sodium intake. Therefore, although  
26% of participants in 2011 did not provide a 24 h urine collection in 2014, this did not negatively 
impact on our power to detect a meaningful change in sodium intake, as we recruited an additional 
135 participants from the original larger population group which resulted in a sample size in 2014 
sufficient to detect a 0.6 g/salt/day change in excretion with 80% power. The limitations of the 
study were that our sample population was not a representative population sample and included    
a lower proportion of participants less than 40 years, particularly in 2014. Residents from the most 
disadvantaged areas in the State, as determined by SEIFA were also under-represented in our sample, 
although there were similar proportions across both time points. The survey was conducted in only 
one state in Australia and therefore may not be representative of all urban and rural/regional areas, 
however as the bulk of manufactured foods and major brands are distributed throughout Australia 
it is likely that this sample population provides a reasonable estimation of salt excretion in the most 
densely populated areas. The average salt intake of 7.8 g/salt/day is likely to be an underestimate, 
as there was no adjustment for non-urinary losses. As those from lower socioeconomic backgrounds 
have been found to have higher dietary intakes of salt [46], the lower number of participants from 
lower SES areas in this sample suggests that our estimated mean salt intake may have underestimated 
population salt intake. 
5. Conclusions 
There is no indication that, over this 3-year period,  initiatives such as the sodium targets set  
by the FHD in a limited number of food categories, resulted in a reduction in population salt intake 
in Australia, and there was no indication that consumers are reducing their use of discretionary salt 
which does contribute to daily salt intake. There is an urgent need to develop more effective strategies 
to reduce population salt intake, which should include increased engagement by government and 
industry, together with a consumer awareness campaign to reduce the use of discretionary salt. 
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